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ADVERTISEMENT. 


THE FOLLOWING PAGES were written at the request of the 
Publisher,* in consequence of the very numerous applications 
he had received for a book upon this subject. In doing this, 
it was suggested that, in addition to explaining the method of 
taking levels in the field, and afterwards transferring them to 
paper in the form of a section, I should add an example of 
their application to practical purposes: I have accordingly 
inserted an example of road-work, wherein the necessary cal- 
culations of earth-work are shown, and worked out in full, both 
by the Prismoidal Formula, and the shorter process by the 
use of the Tables of Mr. Macneill t : and, as in a manner 
connected with the subject, it was also suggested that I should 
add some particulars upon the choice of a line of direction 
thsough a country for a road or railroad, preparatory to taking 
levels. In conclusion, I have given an abstract of the late 
Mr. Telford’s rules for making and repairing roads, as con- 
tained in full in the valuable work of ‘Sir Henry Parnell on 
Roads.’ 


F, W. S. 


* The late Mr. Weales +t Now Sir John Macneill. 


NAWAB SALAR JUNG BAHADUR. 


ADVERTISEMENT TO THE SIXTH EDITION. 


Tis worK having been out of print for some time, and 
numerous enquiries having been made for it, the present 
Publishers have decided to reprint it. They have not done 
this, however, without submitting it to a searching revision, 
which has led to the detection and correction of several im- 
portant errors. It is believed that this has added considerably 
to the value of the book. 


September, 1875. 
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A TREATISE 


ON 


LEVELLING. 
PARTI. ., 


ON THE PRINCIPLES OF LEVELLING. 


LEVELLING is the art of tracing a lige at the surface of 
the earth which shall cut the directions of gravity every- 
where at right angles. If the earth were an extended 
plane, all lines representing the direction of gravity at 
every point on its surface would be parallel to each other ; 
but, in consequence of its figure being that of a sphere or 
globe,* they everywhere converge to a point within the 
sphere which is equi-distant from all parts of its surface ; 
or, in other words, the direction of gravity invariably 
tends towards the centre of the earth, and may be con- 
sidered as represented by a plumb-line when hanging 


* The figure of the earth is not exactly that of a sphere, but of 
an oblate spheroid flattened at the poles; the length of the equa- 
torial diameter being 7924 miles, and that of the polar diameter 
7898 miles. For our present purpose, it is sufficiently correct to 
consider it as a sphere, 
oF B 


%, 
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.. freely, and suspended beyond the sphere of attraction of 
“the surrounding objects. 
e 4 
| 
Al 1 — B 


In the above diagram let the straight line A B repre- 
sent the surface of the earth, upon the supposition of its 
being an extended plane, the direction of gravity at the 
points A, I, and B, would be represented by the lines 
AC, 1D, and B E, all parallel to each other, and at right 
angles to the horizontal line A B. Now if the surface 
was undulatory, as shown by the curved line A B,“and 
it was required to make a section representing it; an 
instrument capable of tracing out a line parallel to the 
horizontal line A B (as a spirit level), might be set 


up anywhere on the surface, as at I, and staves being 
placed or held along the line, as, at a, b, c, d, &c., the 


different heights above the ground where such staves 


were intersected by the line so traced out, would at once 
show the relative level of all those points, with regard 
to the horizontal line, as a datum or standard of com- 
parison. . 


But as the earth is a globe, its circumference must be 
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circular, as I K L in the annexed figure; the straight. 
line A B will therefore not represent the surface of the 





earth, but the sensible horizon of an observer stationed 
at the point I, to which point it is»a tangent, being at 
right angles to the radius of the circle (or semi-diameter 
of the earth), I C. A line which is parallel to the 
sensible horizon of the observer, is the line traced out by 
our spirit-levels ; it is parallel to a tangent to the earth’s 
surface at that point only where the instrument is set 
up,—thus A Bis a tangent at I,and D Ea tangent at F; 
such being the fact, the difference of level between any 
two points cannot be determined by simple reference to 
a horizontal line, since every point on the surface of the 
globe (however near to each other) has a distinct horizon 
of its own. 

If the earth were everywhere surrounded by a fluid 
at rest, or that its surface was smooth, regular, and 
uniform, every point’ thereon would be equally distant 
from the centre ; but in consequence of the undulating 
form of the surface, places and objects are differently 
situated, some further from, and others nearer to, the 
centre of the earth, and consequently at different levels. 

B 2 
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The operation of levelling may therefore be defined as 
‘the art of finding how much higher or lower any pne 
point is than another, or, more properly, the difference 
of their distances from the centre of the earth. 

Referring to our last figure, we have seen that the line 
A B is a true horizontal or level line at the point I, but 
being produced in the direction A or B, rises above the 
earth’s surface; and although it may appear to be level 
as seen from I, yet it is above the true level (which is 
represented by the circumference of the circle) at every 
other point, and continues to diverge from it the further 
it is produced ; at G, the apparent line of level, as the 
horizontal line A B is called, is above the true level, by 
the distance GH, and at M by the distance MN, the 
difference being equal to the excess of the secant of the arc 
of distance above the radius of the earth. 

The difference, G H, or M N (see last figure), be- 
tween the true and apparent level may be thus found: 
put ¢in the adjoining diagram for the tangent I H, r for 





the radius C I of the earth, and x for G H, the excess of 
the secant of the arc of distance above the radius ; : H 
being considered as equal to 1G; then 
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(r+)? =r?+ 1? 
rrtt+2rae+et=rt+i 
and 2 ra+a?=?? 
ws or (2 r+a)a=#? 


“ 


But because the diameter of the earth 27 is so great . 
with respect to the quantity (z) sought, at all distances 
to which a common levelling operation usually extends, 
that 27+ without sensible error may be replaced by 27, 
we then have 

27 ext? 

{2 

and #=57-" 
Or in words: The difference (x) between the true and 
apparent level is equal to the square of tne distance (t*) 
dunded by the diameter of the earth (2r), and con- 
sequently 1s always proportional to the square of the 
distance. 

The mean diameter of the earth is 7916 miles, and 
the excess of the apparent above the true level for one 


2 
mile =y7pyq Of a mile, or 8°004 inches. At two 


miles, it is four times that quantity, or 32°016 inches; 
at three miles, it is nine times that quantity, or 72°036 
inches; and so on increasing in proportion to the square 
of the distance. If we reject the decimal -004, and 
assume the difference between the true and apparent 
level for one mile to be exactly eight inches, or two- 
thirds of a foot, there arises the following convenient 
form for computing the correction of level due to the 
curvature of the earth, for distances given in miles, 
which may easily be remembered: 


2 D* 
correction =—9~” 2 
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_D being the distance in miles. Or in words: Two- 
* whirds of the square of the distance in miles will be ,the 
amount of the correction in feet. a 


Ezample. 


From a point on the Folkestone road, the top of the 
keep of Dover Castle was observed to coincide with the 
horizontal wire of a levelling telescope when adjusted for 
observation, and therefore was apparently on the same 
level; the distance (D) from the instrument to the 
Castle was four miles and a half: consequently, 


D? = 20°25 
2 D? = 40°50 
2 D? 


“gs = 13°5 feet, the correction required. 


From this it appears, that the keep of Dover Castle 
was 135 feet higher than the centre of the telescope on 
‘the Folkestone road; but on account of the curvature of 
the carth, it was apparently depressed to the same level. 

But the effect of the earth’s curvature is modified by 
another cause, arising from optical deception ; nameéiy, 
Refraction. An object is never seen by us in its true 
position, but in the direction of the ray of light which 
conveys the impression or image of the object to our 
senses. Now the particles of light, in traversing the 
atmosphere, are, by the force of superior attraction, 
refracted or bent continually towards the perpendicular, 
as they penetrate the lower or denser strata; and conse- 
quently they describe a curved track, of which the last 
portion, or its tangent, indicates the apparent elevated 
situation of a remote point. This trajectory, suffering 
almost a regular inflexure, may be considered as very 
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. nearly an arc of a circle, which has for its radius seven 
timies the radius of our globe; in consequence of which,” 
the distance at which an object can be seen by the aid of 
refraction, is to the distance at which it could be seen 
without that aid, nearly as 14 to 13, the refraction 
augmenting the distance at which an object can be seen 
by about a thirteenth of itself. Hence, to correct the 
error occasioned by refraction, it will only be requisite 
to diminish the effects of the earth’s curvature, or 
height of the apparent above the true level, by one- 
seventh of itself. Thus for our example of Dover 
Castle, + of 13°5, or 14-5 = 1°93 feet nearly, to be 
subtracted from 13°5, which leaves 11°57 feet for the 
height of Dover Castle above the level of a certain point 
on the Folkestone road. 

The following Tables show the reduction of the ap- 
parent to the true level, both for the curvature of the 
earth only, and also for the combined effects of curva- 
ture and refraction. The first gives the corrections 
corresponding to distances expressed in miles, and the 

for distances in chains. 
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of the Difference of the Apparent and True Level for 
Distances in Miles. 


CORRECTION. 
Distance | _ _ 
in 
Miles. Curvature. Curvature and Refraction. 
feet. inches. feet. inches. 
Oo 0O°'5°¢ O 0: 
O 2:0 O 1°7 
# VU 4°5 O 3°9 
1 O 8-0 O 6°9 
2 «2 8-0 2 3°4 
3 6 0:0 5 1°7 
4, 10 81 9 1°8 
§ 16 8:1 14 3°5 
6 24, O-l 20 70 
7 32 8-2 28 0-2 
8 42 8°3 36 wt 
9 54: 0-3 46 a7 
10 o6 8:4, of 2°1 
11 80 8°5 69 21 
12 96 0°6 82 3°9 
13 112 8-6 96 74 
14, 130 8°8 112 O:'7 
15 150 0:9 128 76 
16 170 9-0 147 2°3 
17 192 9-2 165 2°7 
18 216 1°3 185 2°8 
19 240 9°4, 206 4°7 
20 266 9°6 228 8:2 
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fable of the Difference of the Apparent and True Level for 
Distances mn Chains. 


CORRECTION. 
Distance 
in Curvature in decimals |Curvature and Refraction 
Chains. of feet. in decimals of feet. 
1 000104 ‘000089 
2 "000417 000358 
2 (000938 ‘000804: 
4 "001668 "001430 
5 002605 "002233 
6 "003752 "0038216 
v4 "005107 004378 
8 "006670 005717 
9 °0084.4.2 ‘007236 
10 "0104.22 "008933 
11 ‘012610 "010809 
12 °015007 “012863 
13 ‘017613 "015097 
14 "020427 *017509 
15 "023450 °020100 
16 "026680 022869 
17 "030120 "025817 
18 ‘033767 "028943 
: 19 ‘037623 032248 
20 "041687 "035732 
21 "04.5960 °039394 
22 050442 043236 
23 "055132 047259 
24. 060031 "051455 
25 "065137 "055832 
26 070452 060388 
27 075975 ‘065121 
28 081708 °070036 
29 087648 075127 
30 "093798 ‘080399 
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The correction for distances greater than those given 
‘in the latter Table may be computed by the following 
rule, the same by which the Table itself was computed : 

Rule.—To the arithmetical complement of the logarithm 
of the diameter of the earth, or 2°3788603, add double 
the logarithm of the distance in feet, the sum will be the 
logarithm of the correction for curvature in feet and 
decimals; from which, if one-seventh of itself be sub- 
tracted, the result will be the combined correction for 
curvature and refraction. 

The practice of levelling is one of the most delicate 
operations that fall within the province of a surveyor, 
requiring the utmost possible circumspection to avoid 
the numerous sources of error to which he is liable. 
More especially, as it is seldom possible for him, after 
levelling over a long tract of country, to conjecture in 
what portion of the work his error lies, if he should 
then find that he had been so unfortunate as to commit 
any, and, not unfrequently in such cases, sufficient time 
cannot be spared to go over the ground again ; as, for 
instance, when a section is required within a very littifted 
time to produce before a parliamentary committee, 
either to support or oppose any measure submitted to 
their consideration. We have witnessed an instance 
where such a committee, during their inquiry into the 
merits of a certain proposed line of railroad, had 
brought before them a rival contemplated line with pre- 
tensions to great superiority ; but it had been so hastily 
surveyed, that the learned counsel who had the sup- 
porting of the measure, acknowledged, in his opening 
address, that a trifling error at some unknown part of 
the line had been detected, which did not exceed fifty 
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feet. We hardly need add, that the rival line was 
rejected. 

The importance of extreme accuracy may also ™ felt, 
when it is known that from the section, the engineer has 
to make his calculations of the quantity of earthwork, 
in cuttings and embankments, necessary to carry into 
execution the intended measure, whether of a canal, a 
railway, or turnpike road, and of course the accuracy of 
the estimated expense is involved in it; and further, the 
fitness of the ground itself for such works is determined 
fous the section; that is, whether the inclinations, 
“which the indlathicas of the ground admit of being 
introduced, are suitable for the purpose either of a 
railway or turnpike road. And if ¢he object be the 
formation of a canal, the section must show what extent 
of lockage will be required ; not only affording a key to 
the expense, but also the possibility of its execution. 
We do not throw out these suggestions to alarm the 
mind of the young beginner, by bringing before him a 
fearful responsibility, but that he may understand the 
ultiffate object of his labours, and to induce him, by 
carefulness and attention, to merit that confidence which 
is sure to be reposed in those who are known to possess 
such habits. 


LEVELLING INSTRUMENTS. 


It is essential to the good execution of work, that 
the surveyor should possess instruments most proper 
for the purpose, and of the best construction. Upon 
the subject of instruments, we shall generally refer the 
reader to a cheap work, entitled, ‘‘ A Treatise on the 
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principal Mathematical Instruments employed in Sur- 
veying, Levelling, and Astronomy, explaining their 
construction, adjustments, and use;” where the various 
kinds of spirit-levels, and levelling staves, together with 
the method of performing their several adjustments, &c., 
are minutely detailed, and represented by engravings ;* 
and as the work alluded to contains also a similar 
account of the most important instruments used in 
surveying and astronomy, and has had an extensive 
sale, we presume it to be in the hands of most begin- 
ners in the profession; we shall, however, give some 
particulars in this place, and amex a description of the 
cause of, and a remedy for, the parallax between the 
wires of a levelling telescope, and the levelling staves, 
which is the cause of much annoyance to observers. 


SPIRIT-LEVELS, 


The Y level, so called from the supports in which the 
telescope rests, resembling in shape the letter Y, is the 
oldest construction of the spirit-level now in wees its 
adjustments are convenient to be performed, but, on 
the other hand, this kind of instrument seldom retains 
its adjustments perfect for any length of time; besides, 
there are conditions in its construction which are 
assumed to be perfect, but which practical men know 
to present difficulties in the manufacture. The use of 
this instrument is now very much superseded by those 
of modern construction. 

Troughton's Improved Level.—This instrument has 


” Also a Work published by Mr. Weale, on Drawing Instruments, 
with Instructions for Field Work, in 12mo., price 3s. 6d. 
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been a very general favourite among engineers for a 
length of time: its construction renders its adjustments 
much.more permanent than those of the Y level, and it 
is altogether a more stable instrument. The telescope, 
which, in the former instrument, is capable of reversion 
on its supports, for the adjustment of the line of colli- 
mation, is, in Troughton’s construction, firmly fixed in 
its place, as is also the glass tube of the spirit bubble. 
The verification and correction of the adjustments are 
performed very differently, and may at first appear more 
complex and difficult than those of the other; yet when 
a person has once mastered and become familiar with 
his instrument, these apparent difficulties vanish. 

The Dumpy Levil.—This modificaéion of the spirit- 
level has but recently been introduced by William 
Gravatt, Esq., and bids fair to become the favourite 
instrument, among civil engineers. In its general figure 
it does not differ very essentially from the level last 
spoken of, but it possesses many decided advantages. 
The aperture of the object glass is much larger for the 
sanié’Teneth of telescope; consequently more rays of 
light are admitted to the eye, producing the advantages 
of greater distinctness. We lately tried a fourteen-inch 
level, constructed upon Mr. Gravatt’s principle, and 
found that we could distinctly read the levelling-staff at 
twenty chains (a quarter of a mile) distant, which was 
the utmost we could do with a feeenty-ineh level upon 
the old construction: we have, therefore, the advantage 
of a more portable instrument, fourtcen inches in length, 
capable of performing the same work as a more cumber- 
some one of twenty inches. Besides this advantage, the 
instrument in question is more complete in its details. 
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It possesses a cross level, placed at right angles to the 
principal level, which affords very great facility in setting 
up the instrument, and adjusting for observation, as 
will be hereafter described: it likewise has a reflecting 
mirror, mounted with a hinge joint, and capable of being 
placed on the principal level tube, and adjusted, to show 
the observer if the instrument shifts from its horizon- 
tality whilst he is noting the observation : it also possesses 
other important though minor additions, all of which, in 
fact, could be applied by the maker to the other kind of 
instruments, if ordered, and for the particulars of which 
we refer to the work before alluded to. 

From the large aperture and short focal length of the 
telescope, the insttument has altogether a dumpy appear- 
ance, and hence it is generally known by the cognomen 
of “Gravatt’s Dumpy Level: ” usually of nine or four- 
teen inches. We have seen some beautiful specimens of 
this kind of levelling instrament constructed for J. Kk. 


Brunel, Esq. 


LEVELLING STAVES. 


In the Treatise on Mathematical Instruments, will be 
found a description of the different kinds of levelling 
staves in use. The former construction, even as im- 
proved by Troughton, was decidedly defective in practice, 
nasmuch as the staff had to be read off by the assistant, 
who had then to communicate the result to the observer ; 
or, if he was not sufficiently intelligent to be intrusted 
with so responsible a duty, he was obliged, after the 
observation was made, to carry the staff to the observer, 
or wait for him to come and read off the height of the 
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vane, and register it in his field-book. This occasioned 
great loss of time and uncertainty in the results, for the 
vane.on the staff might possibly be shifted in the mean- 
time. We remember an instance of an ignorant attendant 
holding the staff upside down, which at once introduced 
an error of several feet in the result. To obviate this, 
a new staff has been contrived, originally, we believe, 
by Mr. Gravatt, and subsequently by Mr. Hennett, Mr. 
Bramah, Mr. Sopwith, &c., each varying the mechanical 
arrangements, but all agreeing in retaiming the main 
advantage, viz. a sufficiently distinct graduated face for 
the observer to read off the quantities himself through 
the telescope of his instrument: the sliding vane is 
therefore dispensed with, and the only dependance to be 
placed on the staff-holder is, that he may hold it perpen- 
dicularly. To assist him in this, a small plummet is 
suspended in a groove cut out in the side of the staff, by 
which its verticality can be deter mined in one direction, 
and the observer himself can detect if it be held aslant 
in the other direction, as may be understood from the 
diae¥am at page 21, which represents the staff ¢ as it 
appears in the field of the telescope, which shows objects 
inverted. If the staff be held perpendicularly, it will 
appear between and equally distant from each of the two 
vertical wires c d fixed in the telescope; consequently, if 
it be held aslant, it will cross the wires obliquely, and 
any want of verticality m the staff will be immediately 
detected, and the observer must signal to the staff-man 
accordingly. The advantages from the use of the modern 
staves, over those of the old construction, are so great, 
especially in saving of time, that we have no doubt of 
their general adoption. 
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THE IRON TRIPOD. 


zs Ne oe 
pemees | Hp aa Sonar 





Another instrument of simple construction 1s repre- 
sented in the above figure: its use is to rest the staff 
upon when held at any station. By this means the staff 
is sure to be kept on the same spot, and at the same 
height from the ground, while the observer is reading the 
staves both at the back and forward station on cach side 
of the spirit-level: it is at present not generally used, 
but we consider it of more importance than is usually 
attached to it. It consists of a triangular piece of sheet 
iron, of about one-tenth of an inch in thickness, having 
the corners turned down to form the feet of the tripod, 
which are to be pressed into the ground by the foot of 
the staff-holder; a rounded piece of iron is riveted on 
the upper surface, to present a clean spot to rest the 
staff upon when held at the station; the chain with the 
attached ring is for the convenience of the staff-holder in 
lifting it from the ground, and carrying it from station 
to station. 


THE MEASURING CHAIN. 


In levelling operations it is in most cases necessary 
to note the relative distances of the staves from each 
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e 
other, from the spirit-level, or from some given point or 
place, otherwise no section of the ground levelled over 
can be made. For this purpose a measuring tape may 
be employed where the distances are short, but in most 
cases the means employed is a chain; the one commonly 
used is 4 poles in length, called Gunter’s chain, which is 
divided into 100 links of 7:92 inches each. In many 
cases, however, this will not be found so convenient as 
the use of a chain with links of 1 foot in length; but 
there is a practical inconvenience attending these long 
links where the ground is rough and uneven, as the links 
are likely to get bent in being drawn through the hedges 
and rough places: whenever this occurs the chain is 
reduced in length, and, unless discovtred and rectified, 
a considerable error in distance will very soon result. 
When we have had occasion to use such a chain over 
rough ground we have had the links made 6 inches long, 
and although it occasioned more trouble in noting and 
registering the distances, yet the liability of the links 
to become bent was greatly diminished. No measure- 
mets are required in taking what are called running 
or check levels, the object of which is merely to test 
the accuracy of a section previously made, by finding 
the difference of level between certain points on the 
section, to see if the results are identical with the former 
determination; which is the same thing as ascertaining 
the whole difference of Ievel between distant places. 
Neither are any measurements required to produce a 
section if you possess a correct map or plan of the 
district or line, for if the level points are noted on 
the said plan, their relative distances can be taken there- 
from by its scale; this, however, can only be considered 
C 
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as an approximate operation as far as the horizontal 
measures are concerned. In this way, however, many 
extensive trial sections for long lines of railway. have 
been made by means of the Ordnance maps, and will, 
if properly done, determine the general features of the 
country sufficiently for the engineer to choose the best 
route for a minute and detailed survey, which would 
cost too much time and money to undertake in the 
first instance where there exists any doubt between two 
or more routes as to which it would be most judicious 
to adopt. 


4 


ON INSTRUMENTAL PARALLAX. 


The foregoing & an account of the instruments neces- 
sary for the purposes of levelling; but before closing this 
part of our subject, we think it may be useful to add 
some particulars respecting instrumental parallax, which 
we have occasionally found to be the source of much 
annoyance to the surveyor. This has invariably arisen 
from ignorance of the principles of the telescope, and 
hence, not knowing how the parallax arises, the means of 
removing it have not been understood ; we shall en- 
deavour to explain, in a popular manner, both the cause 
and the remedy. 

The rays of light which proceed from surrounding 
objects, and which, by entering our eyes, convey to us 
the sense of vision, move in perfectly straight lines, 
unless turned from their rectilineal course by the inter- 
vention of a refracting or reflecting medium, and what- 
ever portion of such rays as can enter our eyes may 
(without sensible crror) be considered as moving not 
only in straight, but parallel lines; the more remote the 
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object is, the more nearly this will be the case. In the 
adjoining diagram, let A B represent the section of a 


-D 





lens (or object glass of a telescope); let the parallel 
lines on the left represent the rays of light coming from 
some distant object in that direction; the instant they 
impinge upon the glass, and in passing through it, they 
suffer refraction—that is, they are bent out of their 
former rectilineal path—and on leaving the lens at 
the opposite side, they converge to a certain point D, 
which is the focus of the object glass (in this point 
all the rays passing through a perfectly formed glass 
meet, and it is situated on the line C D, the direction of 
the ray which passes through the centre of the glass, 
the only one that continues its former course, and is 
called the axis of the lens); the concentration of the 
rays form an image of the distant object in the focal 
point D, “and if a piece of ground glass, transparent 
paper, or a plate of glass having one surface covered 
with a dried film of skimmed milk, be held up at D, 
a person looking at it from a few inches behind would 
see a perfect image of the distant object formed on the 
ground glass; and by steadily keeping the eye in the 
same position, the ground glass may be removed, and 
the image will appear in the same spot suspended in 
the air.” 

Now let us imagine the lens applied to the construc- 
tion of a telescope, and the adjoining diagram to repre- 
sent a section of it; the image of a levelling staff held at 
a distance, in the direction of C, would be formed at the 

oc 2 
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point W, the focus of the object glass; let D F represent 
the eye-glass, which is fixed in a sliding tube, and 
together called the eye-piece. The eye-piece may be 





considered as a microscope, with which the observer 
magnifies the image of the object formed at W; to do 
this, it will readily appear to the reader that its distance 
from the image at W must be such as to cause its focal 
pot to coincide therewsth, making that point the 
common focus of the two glasses: for the purpose of 
effecting this, the eye-piece is made to slide either in 
or outwards, and the observer can tell when it is at 
the proper distance, for he will then obtain a perfectly 
distinct view of the object. The axis of the two glasses 
forms a continued straight line C Kk, which in a telescope 
is technically termed the optical axis of the instrument, 
or line of collimation; this imaginary line is, in levelling 
telescopes, the zero, from whence the readings*on* the 
staff are taken. It is therefore necessary to represent it 
by something tangible, that shall at the same time not 
interfere with the rays of hght passing through the 
telescope to the eye; this is done by fixing across the 
interior of the telescope very fine wires, or threads from 
a spider’s web, so that their intersection may not only 
coincide with the axis C E, but cross it precisely at W, 
the common focus of the two glasses, where the image of 
the staff (or distant object) is formed, and therefore the 
wires and the staff will appear to an observer as one 
object, or, at least, equally distant from him. The 
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following diagram shows the appearance of the wires 
and the staff as seen through an inverting telescope; 
where gb represents the horizontal wire, c and d two 
, ae flenll 
i 


| 


Rewee 
eye ow 


™ 


wires placed at right angles to it, and separated so as to 
admit, at usual distances, the staff e to appear between 
them, by which the observer can always tell if the staff- 
man holds it erect in a lateral direction, as before 
explained. The staff is represented as seen at the 
moment of completing an observation; the horizontal 
cross wire coinciding with the division *20 above 16 feet, 
the staff being read downwards in consequence of its 
apparent inversion; the reading therefore, of such an 
observation, to be entered in the field-book, would be 
16°20 feet. 

The adjustment of the line of collimation consists 
in making the centre of the horizontal wire (or inter- 
section of the wires in instruments intended for measuring 
angles) coincide with the optical axis of the telescope; 
this, when once accomplished, will, with care, keep 
correct for a long time, but the placing it in the com- 
mon focus of the two glasses requires attention at every 
observation. For detailed instructions upon the former, 
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we refer to the treatise on Mathematical Instruments, 
&e.; but as the latter forms part of every observation, 
and is the source of the perplexing parallax, wershall 
speak of it in this place. 

The cross wires are fixed toa plate, called a diaphram, 
attached by screws to the slide G H, which also carries 
the slide D F of the eye-piece. The point W, or focus 
of the object glass, does not remain constant for terres- 
trial objects, but varies with every change ‘in the 
distance of the staff; if it be brought closer to the 
instrument, the image, or focal point, will recede further 
from the glass, and vice ver'sd; therefore, the wires and 
the focus of the eye-piece must be brought to coincide 
with that of the object glass by their respective slides; 
and first, the eye-piece should be moved in its slide till 
its focus coincides with the wires in the tube G H; when 
this is accomplished, the observer will see the wires 
perfectly sharp and well-defined; next, motion must be 
given to the slide G H, by turning a milled head attached 
to the telescope, which gives motion to the slide by rack 
work; this will carry both the wires and the focus of 
the already adjusted eye-piece to coincide with the focus 
of the object glass, on whatever part of the optical axis 
of the instrument it may be situated. When this is 
done, the adjustment of the telescope for observation 
will be complete, and its proof consists in the observer 
having at the same time a clear and well-defined image 
both of the staff and the cross wires, which will be the 
case if they seem to be attached to each other,—or, in 
other words, appear equally distant from him; and the 
moving about of the observer’s eye does not detect any 
apparent displacement of the staff, with respect to the 
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wires. Such a displacement, or relative motion, is what 
is meant by parallax; and when it exists, it must be 
got rid of by a repetition of the adjustment of the glasses 
as above described, till the motion of the eye will no 
longer detect the least apparent movement, or passing 
and repassing of the wires and the staff: till this is 
done, no correct observation can be made. 


From what has been advanced on the subject of the 
corrections for curvature and refraction, it may be neces- 
sary, before entering upon any practical examples, to 
remark, that such corrections are very seldom applied 
in practice, the observer, by the arrangements of his 
operations doing away in a great degree their injurious 
effects, which we will endeavour to explain. 





Suppose it were required to find the difference of level 
between any two points Gand H in the preceding figure; 
let A B represent a portion of the earth’s surface, let C 
represent the centre, and CG, CI, and C H the radii of 
the earth. Now a spirit-level being set up and adjusted 
at I, an observer looking through the telescope would 
see objects in the direction of the horizontal line D E 
only, and a staff held upright at H would be read off 
in the point E on the horizontal line; but this point is 
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higher than the true level by the distance H E, which is 
the. correction for curvature due to the distance I H (see 
page 5); and if that quantity be subtracted from the 
reading of the staff, the remainder will show the dif- 
ference of level between the points I and H. If the 
same process be gone through by holding a staff at G, 
then the difference of level between G and I will also 
be- ascertained, which being compared with the former 
difference, will show how much higher one of the points 
G or H is above the other; but it must be evident, that 
ifG and H be equally distant from J, the horizontal line 
D E, being a tangent to the surface at the middle point 
J, must cut the staff at D on the same level with the 
point E ;—that is, © D is equal to C E, therefore D and 
E are level points, being equi-distant from the centre of 
the earth; and if the reading of one staff above the 
ground is greater than the reading of the other, the 
difference will at once show the variation of level 
between the points where the staves were held, viz. G 
and H; the effect of curvature is thus removed by simply 
placing the instrument midway between the station stares. 
The effects of the atmospheric refraction will likewise 
be done away with in the same process, because it will 
affect both observations alike, unless under peculiar 
circumstances of the weather, &c., over which the 
observer has no control. 

The above method of finding differences of level, by 
placing the instrument as near as possible midway 
between the two staves, and noting their readings, is the 
one adopted in practice; but as it can scarcely ever 
happen, on account of the extent of the work, that one 
placing of the instrument will complete it, a succession 
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of similar operations must be performed, as shown in the 
annexed engraving. 





Suppose it were required to find the difference of level 
between the points A and G; a staff is erected at A, the 
instrument is set up at B, another staff at C, at the 
same distance from B that Bis from A. The readings 
of the two staves are then noted; the horizontal lines 
connecting the staves with the instrument represent the 
visual ray or line of sight. The instrument is then 
conveyed to D, and the staff which stood at A is now 
removed to E, the staff C retaining its former position, 
and from being the forward staff at the last observation, 
it is now the back staff: the readings of the two staves 
are again noted, and the instrument removed to F, and 
the staff C to the point G; the staff at E retaining the 
same position, now becomes in its turn the back staff, 
and so on to the end of the work, which may thus be 
exténded many miles: the difference of any two of the 
readings will show the difference of level between the 
places of the back and forward staff; and the difference 
between the sum of the back sights and the sum of the 
forward sights will give the difference of level between 
the extreme points: thus, 


Back sights. Fore sights, 

. ft. dec. ft. dee. 

A and C rane 00) 6) 11°20 

C,E ...... 1133 8-00 

E , G ry ie + 791 

Sums ........ 2921 2711 
2711 


Difference of level . . . . 2°10 
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showing that the point G is 2 feet and _, higher than 
the point A. 

The foregoing process is called compound levelling. 
The following is an example of simple levelling, being 
performed at one operation, and therefore subject to the 
correction for curvature and refraction to obtain a correct 
result. 
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Suppose it were required to drain a pond and marsh 
A, by making a cut toa stream at B, a distance of thirty 
chains: let a level be set up at C, and directed to a staff 
held upright at the edge of the water at B. The hori- 
zontal line C D represents the line of sight which would 
cut the staff at D, the reading being 17°44 feet ; ‘the 
height of the instrument above the ground was 4 feet, 
and the depth of the pond 10 feet; therefore the dif- 
ference of level between the bottom of the pond and the 
surface of the stream was as follows: 


ft. dec. 
Reading of the staff . . . . . . . . . «(17°44 
Height ofinstrument ... .. . 400 
Depth of pond. . . » + « « « 10:00 
Curvature and soeracton for 30 chains 
(see Tables, pages 8and9) . . . 0:09 
——— 14°09 





Difference of level . ....... . 3°35 
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PART IL. 


THE PRACTICE OF LEVELLING. 


ON RUNNING OR CHECK LEVELS. 


To present, in the clearest possible manner, the practical 
application of the principles of levelling, we propose 
describing some operations in detail. We shall, there- 
fore, commence with a case of a simple kind, which will 
prepare the way for more complicated examples. When 
a section of a line of country has been completed (for 
any purposes whatever), it is In most cases necessary 
to check its accuracy by repetition; but in doing this, 
it 18 seldom requisite to level over ‘precisely the same 
line of ground, unless there is cause to suspect its 
general correctness, but to follow the most convenient 
and nearest route, and at intervals to level to some 
known points on the exact line of section, which will 
give their differences of level: the points thus selected 
are generally what are called bench marks, and are 
nothing more than marks or notches cut upon gate- 
posts, stumps of trees, mile or boundary stones, or any 
similarly immoveable objects, contiguous to the line of 
section, and at frequent intervals. These bench marks 
are made by the person who takes the section in the 
first instance, and are sometimes previously determined 
upon. When the section is complete, their relative 
heights with regard to the base line or datum of the | 
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section become known; consequently, they may be 
considered as so many zero or fixed points on the 
line, easily recognisable, from whence any portion of 
the work may be levelled over again; or branch lines 
of level may be conducted in any direction, and the 
levels of such branches be comparable with those of the 
main line. 

When, in checking the principal levels, by proceeding 
in the most convenient direction from bench mark to 
bench mark, it is found that the differences of level 
prove identical with those on the section, or within 
the limits of probable error, it may be presumed that 
all the intermediate heights are likewise correct: it 1s, 
however, just possible that equal errors of an opposite 
kind may have been committed, when, the sn of 
each being of the same magnitude, a balance of errors 
would cause the extreme points to be right, whilst the 
intermediate levels would be incorrect ; but the pro- 
bability 1s so much against such an occurrence, that 
we believe, unless there be some particular reasons for 
so doing, the whole exact line of a section is seldom 
levelled a second time for the purpose of checking the 
former results only. 

From what has been remarked, it will appear evident 
that in taking running or check levels, there is no 
necessity for the use of the chain, or the compass 
attached to the instrument, the distances and bearings 
having all been determined at the time the principal 
levels were taken. 

The example we are about to give of this kind of 
operation is represented in the engraving, Plate I., which 
shows both the ground plan and the section. The 
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strong black line on the plan is that of the section to 
be checked, and proceeds from a bridge in the town 
of A,,in a circuitous direction along a valley, and nearly 
parallel to the course of a river, to a bench mark in 
the town of B: this originally formed a portion of a 
more extensive survey. We have selected this portion 
of the line as explanatory of our present subject; the 
route taken in proving the work is represented by the 
dotted line, and was confined to the public roads, that 
being considered the most convenient, because it would 
altogether exclude the necessity of passing through 
private property, as the swrveyor would most likely 
have been ordered off, a great feeling of opposition 
existing among the owners and occapiers of the said 
lands; and further, the public road crossed the line 
several times, by which a number of intermediate points 
could be checked. Before giving the particulars of 
this example, we shall explain in detail the method of 
conducting the necessary observations. 

In the first instance the staff-holder must place his 
staff! on the bench mark from whence the levels are to 
commence. (In the case of our cxample the staff was 
first placed on a peculiarly shaped stone on the crown of 
the bridge at A, which could easily be recognised from 
description at any future time, if ever it should be neces- 
sary to refer to this spot again: it therefore answered as 
a bench mark.) The surveyor must next set up his 
spirit-level in the most suitable spot which presents 
itself, from whence he can have an uninterrupted view, 
not only of the staff at the back station, but also for a 
considerable distance in the direction he wishes to carry 
his levels. ‘The station selected should not in any case 


80, A TREATISE 
\ 

exceed four or five chains, and if it be only half that 
quantity, there will be less likelihood of error; for when 
long sights (as they are usually termed ) are taken, unless 
both the back and forward stations are equally distant 
from the instrument, errors will gradually creep in upon 
the results, which, in a long series of levels, are liable, 
by their accumulation, to become of serious conse- 
quence. The proper station heing determined upon,* 
and the tripod legs of the instrument spread out and 
thrust into the ground sufficiently to ensure its stability, 
the observer must adjust his level for observation in the 
following order :—First, he, must draw out the eye-piece 
of the telescope till he sees the cross wires perfectly well 
defined; then, directing it to the staff, he must turn the 
milled-headed screw, on the side of the telescope, till he 
can likewise distinguish with the utmost possible clear- 
ness the smallest graduations on the staff: that these 
two adjustments be very carefully and completely per- 
formed, is of more consequence than is generally sup- 
posed, for upon them depends the existence or non- 
existence of parallax. If any parallax is detected, it 
must be removed, or the observations will be incorrect: 
its existence may be detected by the observer moving his 
eye about at the same time that he is looking through 
the telescope at the staff; and if he sces that the cross 
wires do not appear to have the least motion with regard 
to the divisions with which they are coincident, then no 
parallax will exist ; but if any motion appears to take 
place between the wires and the staff, it is a proof that 


* Tt must be borne in mind, when we thus minutely detail what 
may appear to the practical man as naturally obvious, that we are 
writing for the information of those who have never had any practice 
whatever. 
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one or both of the foregoing adjustments have been 
imperfectly made. 

To, remedy this inconvenience the eye-piece should 
first be moved to try and improve the distinct appear- 
ance of the cross wires. The observer will be greatly 
assisted in this operation if he holds a sheet of white 
paper before the object glass, which, at the same time 
that it prevents other objects from attracting his atten- 
tion, presents a clean white disk, or ground, for the 
wires to be seen upon; and when he is satisfied that 
they are as sharp and well defined as possible, he must 
repeat the movement of theemilled head by the side of 
the telescope till he is equally satisfied of the distinct 
appearance of the graduations on the staff; then let him 
again move his eye about before the eye-glass to see if 
any parallax still exists, and if so, he ought to repeat 
the above simple operation until it is removed. We 
have known the parallax of a telescope to be a source of 
great annoyance to persons in the profession, which has 
led us to be thus minute upon what to some would 
appear very simple. We have for the like reason given 
an explanation of its nature, &c. at page 18. 

The turning the milled head to obtain distinct vision 
of the staff, in the old construction of instruments, 
communicated motion to the cbject glass; but in those 
of recent contrivance, it moves the whole of the eye end 
of the telescope, and with it the cross wires. In either 
case, the distance between the object glass and the wires 
is increased to a proper extent ; the modern contrivance 
appears to be the most approved. The adjustment of 
the eye-piece for distinct vision when once made, is not 
likely to require alteration the whole day, unless it be 
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accidentally deranged; but that of obtaining distinct 
vision of the distant staff (together with the one we shall 
next describe) must be performed at every station, as 
it varies with the distance of the staff, as explained at 
page 22. 

Having made the above adjustments perfect, bring the 
spirit-bubble into the centre of its glass tube, which 
position it must retain unmoved in every direction of the 
instrument; or in other words, the bubble must indicate 
a true level during the time the telescope is turned 
completely round horizontally on its staff head: this is 
accomplished by bringing the telescope successively over 
each pair of the parallel plate screws, and giving them 
motion, screwing aip one while unscrewing the other to 
a corresponding extent; but if the telescope is supplied 
with a cross level, as in that contrived by Mr. Gravatt, 
the two bubbles, being at right angles to cach other, will 
at, once show whjch pair of screws require turning, in 
order to produce an indication of level in both bubbles. 
In the Treatise on Mathematical Instruments there is 
given an ample explanation of the adjustment of levels 
in all their details: upon such subjects we shall once for 
all refer to that work. 

Having adjusted the level for observation, it must be 
directed to the back staff, of which a clear view must be 
had; then note with all possible exactness the foot, and 
decimal fraction of a foot, with which the central part 
of the horizontal wire appears to be coincident, which 
enter in the proper column of the field or observation 
book. This column should be headed “ Back Sight,” or 
“Back Station,” as in the example given at page 38. 
As soon as it is registered, look to see that the spirit- 
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bubble has not removed from its central position, and 
then repeat the observation, to ensure that no mistake 
had béen,made in noting it: this should be invariably 
done, to guard against errors. 

The back observation being made, turn the telescope 
round in the forward direction, and obtain a distinct 
view of the staff, by turning the milled head at the side 
of the telescope ; then look at the spirit-bubble, and if 
it has at all changed its position, by receding towards 
either end of its tube, bring it back to the centre by the 
parallel plate screws, as befoye described (this can be 
done so readily, and without moving the telescope, when 
a cross level is attached, and having likewise other 
advantages, that we recommend its universal application 
to spirit-levels); then, by looking through the telescope, 
observe what division on the staff is intersected by the 
cross wire, and enter the reading in the proper column 
of the field-book, which should be headed ‘“ Fore Sight,” 
or “ Fore Station.” Having entered it, look to see that 
the bubble is still correct, and then verify the observa- 
tion by noting it again, which will complete the first 
levels.* 

It may be worth remarking that, in setting the level 
up, the pointed legs should be pushed into the ground 
sufficiently to ensure the stability of the instrument, and 
likewise that the observer should move himself about the 
instrument, whilst taking the levels, as little as possible, 
taking care not to strike the legs with his feet. Caution 
in these matters 1s required, for sometimes the least 


* When taking levels for the formation of a section, it is some- 
times necessary to note the bearing of the compass needle, and to 
measure distances, as will be explained hereafter. 
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movement of the person will derange the levels of the 
instrument, particularly on loose or elastic ground ;—to 
do away the inconvenience arising from this. source, a 
reflector has been contrived to fix on the top of the 
telescope tube, by which the observer can see both the 
staff and the reflected image of the spirit-bubble at 
the same time, and then he can make his observation at 
the instant he sees the bubble in its proper position. The 
foregoing description of the method of taking levels is 
general, and applies equally to every kind of levelling 
operation, with whatever additional matters may require 
attending to, when taking levels for the formation of a 
section, &c., which we shall hereafter describe. 

The first levels being completed, the surveyor must 
take up his instrument, and, passing the man who holds 
the forward staff, proceed to some convenient spot to 
set up the instrument a second time, which, as before 
remarked, should not be more than four or five chains 
distant; the other man, also, who held the staff at the 
back station, must likewise take up a new station still 
further onwards in the required direction, and as ‘nearly 
as possible at the same distance from the instrument as 
the instrument is from the staff, which has now become 
the back station; it being in every case necessary, to 
ensure correct work, that the instrument should occupy 
very nearly the middle point between the staves, for 
reasons which will be understood by those who have 
perused the former part of this book. Having set. the 
instrument up, adjust it for observation as before— viz. 
see that the cross wires are distinct; turn the milled 
head by the side of the telescope till the graduation on 
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lastly, set the spirit-bubble level in every direction of the 
telescope by the parallel plate screws; which done, note 
the reading on the back staff, and enter it m the book; 
then examine the bubble, and again read the staff to 
ensure accuracy; then turn the telescope about, and do 
the same for the forward station, which will complete 
the second level. As the third and fourth, and all the 
following levels, are conducted in precisely the same 
manner, it will be unnecessary to repeat the instructions 
again. 

The man holding the back staff should be instructed 
never to move it in the least from its position till the 
forward observation is completed, which he can always 
tell by seeing the surveyor carry his level onwards. It 
is sometimes the practice to use one staff only, and after 
taking the back observation, to cause the assistant to go 
on and take up a position suitable for a, forward station; 
but besides the loss of time attendant upon such a 
process, if the instrument should in the interval get 
moved by accident, those two observations will be in- 
correct, unless the back sight be taken again, and this 
cannot be done unless the precise spot before occupied 
by the staff can be identified, which is sometimes uncer- 
tain. When this is the case, no alternative is left but to 
go back and renew the work at the last bench mark, or 
known station ; and if none such exist, the whole opera- 
tion will probably have to be gone over again, where 
great accuracy is required. 

The iron tripod, described at page 16, should in all 
cases be placed on the ground by the staff-holder, to rest 
the staff upon, as it ensures to the observer the certainty 
of the staff keeping exactly the same spot when the face 
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movement of the person will derange the levels of the 
instrument, particularly on loose or elastic ground ;—to 
do away the inconvenience arising from this.sotrce, a 
reflector has been contrived to fix on the top of the 
telescope tube, by which the observer can see both. the 
staff and the reflected image of the spirit-bubble at 
the same time, and then he can make his observation at 
the instant he sees the bubble in its proper position. The 
foregoing description of the method of taking levels is 
general, and applies equally to every kind of levelling 
operation, with whatever additional matters may require 
attending to, when taking levels for the formation of a 
section, &c., which we shall hereafter describe. 

The first levels being completed, the surveyor must 
take up his instrument, and, passing the man who holds 
the forward staff, proceed to some convenient spot to 
set up the instrument a second time, which, as before 
remarked, should not be more than four or five chains 
distant; the other man, also, who held the staff at the 
back station, must likewise take up a new station still 
further onwards in the required direction, and as nearly 
as possible at the same distance from the instrument as 
the instrument is from the staff, which has now become 
the back station; it being in every case necessary, to 
ensure correct work, that the instrument should occupy 
very nearly the middle point between the staves, for 
reasons which will be understood by those who have 
perused the former part of this book. Having set the 
instrument up, adjust it for observation as before—viz. 
see that the cross wires are distinct; turn the milled 
head by the side of the telescope till the graduation on 
the staff is quite distinct, and no parallax exists; and, 


ON LEVELLING. “85 


lastly, set the spirit-bubble level in every direction of the 
telescope by the parallel plate screws; which done, note 
the reading on the back staff, and enter it in the book; 
then examine the bubble, and again read the staff to 
ensure accuracy; then turn the telescope about, and do 
the same for the forward station, which will complete 
the second level. As the third and fourth, and all the 
following levels, are conducted in precisely the same 
manner, it will be unnecessary to repeat the instructions 
again. 

The man holding the back staff should be instructed 
never to move it in the least from its position till the 
forward observation is completed, which he can always 
tell by seeing the surveyor carry his level onwards. It 
is sometiines the practice to use one staff only, and after 
taking the back observation, to cause the assistant to go 
on and take up a position suitable for a, forward station; 
but besides the loss of time attendant upon such a 
process, if the instrument should in the interval get 
moved by accident, those two observations will be in- 
correct, unless the back sight be taken again, and this 
cannot be done unless the precise spot before occupied 
by the staff can be identified, which is sometimes uncer- 
tain. When this is the case, no alternative is left but to 
go back and renew the work at the last bench mark, or 
known station ; and if none such exist, the whole opera- 
tion will probably have to be gone over again, where 
great accuracy is required. 

The iron tripod, described at page 16, should in all 
cases be placed on the ground by the staff-holder, to rest 
the staff upon, as it ensures to the observer the certainty 
of the staff keeping exactly the same spot when the face 
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of it is presented to him in the two directions, forward 
and backward. The staff-holder should likewise be in- 
structed to hold the staff perfectly upright, which ‘he can 
himself determine, in one direction, by a little plumb- 
weight suspended in a groove in the staff; and as the 
observer can tell if he holds it upright in a lateral 
direction (as explained at page 15), he should frequently 
look to see if he signals for him to move the upper ead 
of the staff to the right or left, taking care not to disturb 
its position on the iron tripod. 

We have been supposing the use of the newly intro- 
duced staves, as we do not expect that those of the 
former construction will hold their ground against them, 
they having the advantage of providing to the observer 
the means of noting the reading of the staff himself. If 
however, from habit or otherwise, the use of the staff 
with the sliding vane should be preferred, the foregoing 
instructions equally apply; the only difference in its 
use is, that the observer must signal to the staff-holder 
to move the vane up or down on the staff, till it appears 
bisected by the cross wires of his telescope; then the 
reading of the staff must be noted, and entered by the 
assistant in a temporary book carried by him for the 
purpose: or if he cannot be trusted to perform so im- 
portant a part of the business, he must convey the 
staff to the observer, or wait for him to come and 
read it himself. It requires no comment to show the 
uncertainty, and loss of time, in this method of pro- 
ceeding compared with the use of the newly-contrived 
Staves. 

Having explained the method of taking observations 
for checking levels, we must refer to our example, The 
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levels, as before stated, were taken along the public road 
shown by the dotted line, that being the most con- 
venient route from the town of A to the town of B, 
avoiding the necessity of passing through private pro- 
perty; the strong black line on the plan shows where 
the original section was taken; the section itself is 
represented above the plan, and 1s drawn to two scales ; 
the one giving the horizontal measure, is the same as 
that of the plan, viz. one inch to one mile; and the 
vertical scale, 4 inch to 100 feet: from this section it 
appears that the crown of the bridge at A is fourteen 
feet above the datum line D E of the section, and that 
the bench mark (a stone by the road side) at B is 111 
feet above the same datum; therefofe the difference 
of level between the two places is 111—14=97 feet. 
Now, by referring to our observation book, of which we 
have subjoined a copy, we make the difference of level 
to be 96:8 fect, differing from the original section no 
more than two-tenths of a foot, or 2:4 inches, a quantity 
that may be disregarded ; the inference, therefore, to be 
drawn from such a coincidence in the two results is, that 
the whole of the section between the points in question 
is sufficiently correct. 
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Copy of Field-Book—continued. 





Back Fore 
Sights. | Sights, Remarks. 
12818 | Brought forward. 
9-90 0°68 
9°04 0°35 
10°00 8°52 
3°00 11°55 
3°68 0°88 
721 8°75 
1-99 10°48 
0°66 10°00 
448 10°44 
1:47 10°30 
1°55 11:70 e 
2°40 9°88 
3°78 1:04 


6:64, 9-95 | Forward © on B. M. called B. 


19402 97°22 Sums. 


96°80 | B.A eae Difference =: diff. of level between A and B. 





a 


The back sights being greater in amount than the 
forward sights, it is evident that the bench mark at B 
was higher than the bench mark at A by the difference 
‘of the two sums. 


LEVELS FOR THE FORMATION OF A SECTION. 


Next to the running levels, the most simple case 
that can occur is, to take the levels of a line of country 
where the ground plan is already made, and the exact 
line of section determined upon, and in some instances 
picketed out. It is then only necessary, in addition to 
what is required for running levels, that the distance 
between the levelling staves, or the whole distance at 
every station from the starting point, be measured. 
The instrument should be placed, as usual, as near as 
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can be at an equal distance from each staff; but it is 
not essential that it be placed in the exact line between 
them, unless it should happen to prove the most ad- 
vantageous position. Plate II. represents an example 
of this kind of work, the survey of the land having been 
completed, and the plan of the fields, &c. drawn: the 
strong black line A B was the direction determined upon 
as the most suitable for a portion of an intended line of 
railroad, and the section was accordingly taken; a bench 
mark had been previously agreed upon at each extremity 
(A and B), from whence other surveyors could take up 
the levels, and carry them onwards in both directions. 

First a staff was placed on the bench mark at A fora 
back station, and another staff was held up for a forward 
station, in the adjoining field, but exactly on the line as 
marked down on the plan, a copy of which the surveyor 
had in his possession; the instrument was then set up, 
as near as could be estimated, or the level of the ground 
would admit, at an equal distance from each staff, so as 
to be able to read them both; the adjustment of the 
instrument for observation, as described at page 30, was 
carefully attended to, and the reading of the staves 
noted. As soon as the observations were made, the 
distance from staff to staff was measured with a Gunter’s 
chain, which completed the first level. 

The measurement of the distances can be more con- 
veniently performed, and with a great saving of time, by 
two additional assistants, who can be measuring, whilst 
the surveyor proceeds to direct the man who held the 
back staff in the last case, to take up a forward station 
precisely on the line as laid down on the plan. The 
staff which was the forward station in the last case now 
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becomes the back station, and the instrument must be 
set up so as to read both stations as before, and as 
nearly equi-distant from them as can be: by the time 
the instrument is adjusted, and both the staves read off, 
the assistants would have completed the measurement 
from the bench mark A to the first forward staff, and 
be ready to continue on to the second one: whilst this 
is doing, the instrument and back staff can be carried 
forward and set up, &c., as before: by a continued 
repetition of a similar process, the whole line A B was 
levelled. : 

The measuring assistant should report to the surveyor 
the total distance of each forward staff from the bench 
mark at A as soon as it is determined, or, if thought 
more convenient, he may keep a book to enter the 
distances in, which should be ruled in two columns, one 
for his distances, and the other for references to them, 
as a, b, c, &c., or the numbers 1,°2, 3, &c., placed 
opposite ; and if the observer makes similar notes in his 
book to each pair of sights, there can arise no mistake 
in placing the correct distances opposite the corres- 
ponding levels, when the measurer makes his return. 

The following is a copy of the field-book of the 
example given in Plate II.; showing the manner of 
keeping it, and also the method adopted of reducing 
the levels to obtain the actual heights of each station, 
with regard to the starting point, for the purpose of 
drawing the section; which we shall then explain. 
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Sight. | Sight. Bale | ‘Tvel Remarks. 
13-71| 7988; — |+ 58s! 

940 | 16:30 | 6:90 — 1:07 

3°87 | 117] | 784 — 891 

2-63 | 1241} 978 |—1869! 

1462 | O95 |} — |— 5-02} 

17-00 | 145, —  }410°53 

1066 | 1540) 4-74 )4 3-79) 

2-27 | 17-00 | 1413 |— 834, 

3-40 | 10°32 | 6-92 -15-26) 

573} 994) —" j-11-77, 

16°54) ORD} — f+ 3-02 

1608} O89} — ‘41911! 

1456] Q73] — +8294 

10°36 | 14-06 370 + 29°24 | 

9-24) 1:36) — .437-72! 

9°80 700 | — |440°521 

2-39 | 1U-96 | 8-66 431-86! Centre of road at 215 links. 
10:96 | 14-46 | 3:50 +2836! 

2-08 | 14-05 | 12-97 +15 39, 

1:75 | 16°58 | 14°83 a 0°50: 

1:84} 17°10 | 15-26-1470) 
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8°76 220 | — +31°51 

1400 | 14°50} 0°50 |+31:01| Road at 450 links. 
1450] 4:32) — |4+41-19| 

9°14, 100; — +49°33 | B above A. 

25486 |117°:16 
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The first column contains the measured distances 
from the starting point to every forward station ex- 
pressed in links of Gunter’s chain. The two central 
columns, headed ‘Back Sight” and “Fore Sight,” 
contain the readings of the two staves at the back and 
fore observations respectively. The difference of such 
readings is placed in one of the two side columns headed 
‘* Rise” or “ Fall,” according as the ground at the 
forward station is higher or lower than that at the back 
station. If it be highest (or the ground rises, as it is 
called), then the forward regding will be the smaller of 
the two: but if it be the lowest (or the ground falls), 
then the forward reading will be the greater of the two: 
thus, in our first reading, the back observation is 13°71, 
and the forward observation 7°88, their difference= 5°83 
feet, which is the difference of level between the two 
points; and as the forward reading was the smaller of 
the two, it is clear that the ground ‘was rising at that 
place, and, therefore, the difference of the readings, viz. 
5°83, 18 placed in the column of Rises. In the next 
three successive pair of sights, the forward readings 
are the greatest, indicating a continued descent of the 
surface line, and the differences of those readings are 
inserted in the column of Falls, viz. 6°90, 7°84, and 
9°78. At the next following sight, the forward reading 
is again the smallest, therefore the difference 13°67 is 
placed in the column headed “ Rise,” and so on of the 
rest. No mistake can arise by placing the subtraction 
in the wrong column, as in every instance it must be 
placed in the column adjoining the larger quantity; 
thus if the fore sight is greater than the back sight, the 
resulting quantity must be placed in the column of falls, 
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which is adjoining to that containing the reading of the 
fore sight, and vice versd. 

The adjoining column, headed ‘‘ Reduced Levels,” 
contains the absolute heights of each forward station 
above the datum line of the section, or a horizontal line 
passing through the starting point or bench mark A: 
these quantities, which are technically called the reduced 
levels, are obtained by the constant addition and sub- 
traction of the numbers contained in the columns of 
“ Rise” and “ Fall,” the former being considered as 
positive, and the latter as, negative quantities; thus, 
assuming the level of the starting point A as the datum, 
we have the first forward station 5°83 feet higher than 
the datum, therefore in the column of reduced levels it 
is marked + (plus): next we have a fall or negative 
quantity of 6-90 feet, which must be subtracted ; but as 
it is greater than 5°83, it shows that this station 1s 
below the datum line, by the difference between 5°83 
and 6°90=1-07 feet, which is the depth of the second 
forward station below the datum line, and therefore is 
marked — (minus): the next is likewise a fall of 7°84, 
and as our last result was below the datum line, this 
additional negative quantity will take us still lower by 
its whole amount; it must, therefore, be added to 1°07, 
giving 8°91 feet for the depth of our third forward 
station below our datum, and it is therefore entered in 
the column of reduced levels with a minus sign. The 
next is also a fall of 9°78, which, applied as the last, 
gives 18°69 for the depth of the fourth forward station 
below the datum. The ground then rises again, and we 
have an ascent of 13°67 feet, which will bring us nearer 
to our datum; and as it diminishes our depth below the 
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datum line, it must be subtracted from the last result; 
thus, 18°69—13°67=5°02 feet for the depth of the 
fifth: forward station below the datum; we have then a 
rise of 15°55, which will carry us above the datum by 
the amount of difference between it and 5:02, leaving 
10°53 feet for the height of the sixth forward station 
above the datum line: the next is a fall of 4:74, which 
diminishes our height by that quantity, and therefore 
must be subtracted from 10°53, leaving 5°79 as the 
height of the seventh forward station above the datum. 

In like manner every other pair of sights in our 
example was reduced, applying each difference of the 
back and forward readings with their proper signs, until, 
at the close of the work, the point B (the last forward 
station) was found to be 49°33 fect above the datum 
line, or level of the starting point A. 

The reduction of levels becomes a simpler operation 
when the height of the bench mark (used as a starting 
point) above the intended datum line is known: thus 
(in our example), suppose the height of the bench mark 
A’was 100 feet above the level of Trinity high-water 
mark at London Bridge, and that it was intended to 
assume the level of that mark as the datum line of our 
section; then 5°83 feet, the rise to the first forward 
station, must be added to 100, giving 105°83 for the 
height of the ground at the point a above datum; next, 
from 10583 subtract the fall 6°90, which gives 98°93 for 
the height of the point ) above datum; then from 98°93 
subtract 7:84, which gives 91-09 for the height of c above 
datum; and in like manner, by adding the quantities 
uf rise, and subtracting those of the falls, the whole line 
of levels may be reduced to the line assumed as the datum. 
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As a proof of the accuracy of the arithmetical opera- 
tion, the columns of back and fore sights should be 
added up, and the lesser sum subtracted from the 
former; the result of the agreement with that by the 
reduced levels is a proof of accuracy. Likewise another 
proof may be obtained by adding up the contents of the 
columns of “ Rise” and ‘‘ Fall;” and if upon taking the 
lesser sum from the greater, the remainder represents the 
same quantity as obtained by both the other operations, 
there can be no doubt of the correctness of the reductions 
of the levels, as in our example. By the reduced levels, 
the height of B above A is 49°33 feet. The sum of the 
back readings is 87°95, and that of the forward readings 
38°62; their difference also gives 49°33 for the height 
of B above A; and, lastly, the sum of the rises is 54°88, 
and that of the falls is 5°55, the difference giving, as 
before, 49°33 feet. 

It is, perhaps, t6 be recommended, that the observer 
should reduce his levels as he proceeds in the field, as it 
will occupy but very little time, and can be frequently 
done while the staff-man is taking a new position; 
besides, the observer will frequently be able to detect by 
the eye if he is committing any glaring error, as, for 
instance, inserting a number in the column of Rises, 
when it ought to occupy a place in that of the Falls, the 
surface of the ground at once reminding him that he is 
going down hill instead of ascending. 

If the foregoing method of reducing levels be found 
difficult or troublesome, on account of the introduction 
of plus and minus signs, they can be dispensed with, as 
well as the columns of “ Rise” and “ Fall,” by pro- 
ceeding in the following manner. Assuming the starting 
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point to be any even number of feet high; or, what is 
the same thing, assume a datum line any even number 
of feet below the starting point, as 100 or 1000, taking 
care that your choice falls upon a number greater than 
the number of the whole fall you are likely to experience 
in the operation; then from this assumed height subtract 
the reading of the forward staff, and to the remainder 
add the reading of the back staff; the result will be the 
height of the first forward station above the assumed 
datum line; then from this height subtract the next 
forward reading, and to the remainder add the reading 
of the back staff; the result will be the height of the 
second forward station above the assumed datum, and 
so on throughout the whole levellitg operation. The 
difference between any two of the readings will be the 
difference of level between the corresponding points on 
the ground. 

By way of illustration, we will teduce part of the 
foregoing example after this manner, and the student 
can adopt whichever method he may consider the best. 
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Sicut. | Sight | Lavoie, Romarks. 
100°00 | Assumed datum. : 
1371) 7°88; 7°88 

ore 
__ 1s—1 
| | 105°83 Height of 1st forward station 
9°40! 16°30) 16:30 above assumed datum. 
7 89-59 
9°40 
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The above will, we trust, be found sufficient to make 
ourselves understood upon the subject of reducing levels. 
If, after adopting the latter mode, it should be required 
to reduce them to the level of the starting point as a 
datum, nothing more is required than to take the dif- 
ference between the height thus found and that of the 
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assumed datum; thus, in our example, subtracting 100 
(the assumed datum) from the height of the first forward 
statioh, gives 5°83 for its height above the starting 
point: next, from 100 subtract 98°93 = 1:07, making 
the second forward station that quantity below the level 
of the starting point, and so of the rest. But it may be 
done much easier after the section is made to the as- 
sumed datum, by drawing a line parallel thereto through 
the point A, or any other that may be determined on; 
thus the section may be at once adapted to any required 
datum line. : 


TO DRAW THE SECTION. 


The levels being reduced, the surface line may be 
represented in the form of a section, as shown above the 
plan in Plate I]. The vertical and horizontal scales of 
a section are seldom the same, which produces a carica- 
tured representation; the vertical scale being so much 
greater than the horizontal, shows the depths of cutting 
and embankment required in the execution of road, rail- 
way, or canal works, with greater clearness than if both 
scales were equal. The plans and sections of projected 
works deposited with the Clerks of the Peace of counties, 
and in the Private Bill Office, to obtain the sanction of 
the legislature, are mostly drawn to scales of four inches 
to one mile horizontal, and one hundred feet: to one inch 
vertical: we have adopted these scales in our example, 
Plate II. 

To make the section of our present example, first 
draw the horizontal line C D as the datum to which our 
levels were reduced, assume any point A as the starting 
point, then set off the measured distance from A to the 


50 A TREATISE 


first forward station a= 519 links (see levelling field- 
book, page 42), at this point erect a perpendicular, and 
mark on it the height 5°83 of the first forward station, 
and connect the point A with this mark, and the result 
will show the surface line of the ground in that interval : 
next, from the same starting point A set off the point 4, 
the second forward station, with the distance of 1315 
links, as given in the levelling-book; but as this point 1s 
a minus quantity (see reduced level, page 42), that 1s, 
below the datum line, let fall a perpendicular, and set off 
on it 1:07 feet, which connect by a line with the former 
level, and the surface line from A to 6 will then be 
represented ; then with the distance 1542 set off the 
point c, and on a perpendicular let fall therefrom, set off 
8°91, which connect as before, and the section will be 
complete from A toc. In like manner, proceed with 
the rest of the reduced levels at the points d, e, f, &c., 
till the whole section is drawn. 

Although, for the sake of clearness of description, we 
have desired the person plotting the section to draw the 
perpendicular, and thercon define the level point of the 
surface as he proceeds with setting off the horizontal 
distances step by step, yet in practice he will find it 
most expeditious in the first instance to place the cham- 
fered edge of his ivory scale for the distances along the 
datum line, and at once to prick off the whole of the 
distances (or any convenient portion of them) succes- 
sively as the numbers appear in the field-book; then 
draw all the perpendiculars by means of a parallel ruler, 
or by a T square if the paper is properly fixed on a 
drawing table; and, lastly, from the vertical scale prick 
off all the perpendiculars and connect those points, and 
the section will be made. 
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The distances given in the proper column of the field- 
book are supposed to be horizontal distances, and, in 
measuring them, care should be taken that they are as 
nearly such as possible (or they must afterwards be 
reduced thereto), otherwise the section will be longer 
than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the 
hypothenusal to the horizontal measure, when laying 
down his section, we annex the following Table, showing 
the reduction to be made upon each chain’s length, for 


the following quantities of rise, as shown by the reading 
of the staves :— 
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| 
Rise in fect for’ Reduction upon one chain 











one chain. | in links and decimals. 
1 | 0-01 
2, 0-0-4 
3 Oil 
p 0°29 
6 (44, 
7 0°56 
8 O74 
) | 0-04 
10 l-lb 
Ll } 1:40 
12 1:76 
13 2-O1 
14 2-24 
15 2-ol 
16 | 9-99 
17 373Y 
13 370 
19 4°23 
20 4 OL 


The section can be referred to any other datum than 
the one by which it was produced; as, for instance, let 
it be required to refer the section, Plate II., to a datum 
line 100 feet below the point A; all that is required to 


EQ 
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be done is, to draw a line EF parallel to C D, at 100 
feet below it; then, by drawing perpendiculars from the 
surface line to this new datum, as shown by the dotted 
lines, the transfer will be complete, as the height of any 
point can be measured by the scale of the section. We 
need not go through a further explanation of this sub- 
ject, as an inspection of our engraved example will 
explain whatever further may be required. 


WORKING SECTION. 
a 


For the purposes of carrying into execution any work, 
the section should be much more minute than is re- 
quisite for general purposes; it is then called a working 
section. The following are the field notes taken for 
such a section, the line having first been carefully set 
out and a stake driven into the ground at the extremity 
of each chain’s length: these stakes were about 18 inches 
Jong and 2 inches square (and were furnished by a 
country wheelwright at the price of ten-pence per 
dozen); every tenth stake was circular, and somewhat 
larger, and had an iron ring round its top, and together 
with every fifth stake had their tops painted white, the 
more easily to identify them; they were all numbered 
(or considered to be numbered) from one end of the line 
to the other. Plate III. shows the section of the ground 
and railway at the extreme end of the line where the 
numbers terminate at 1103 chains or 154 miles and 3 
chains: we would recommend the student to plot this 
‘section from the notes several times, and to various 
scales, that he may not only better understand the 
subject, but also for the sake of practice, it being an 
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actual example from the working section of a line of 
railway now completed and opened to the public. 


¢ FIELD NOTES—Wokrkrne Secrion. 























. Back | Fore | 7, . Reduced . 
Bie ont sigh PO evel. Remarks: 
feet. | feet. | feet. | feet. | Links. feet. 


970°72| Brought forward (from 





4-47} 4531 0°06 |103300 |270°66] last page of Noras). 
4531 9°22] 4°69 |103400 | 265-97 
4°15 | 9:22) 5:07 1038500 | 270712 
4°83 | 5:07} 0:24 103600 | 274-95 
4°49 | 6°36! 1:87 103700 | 279-44 
4:67 | 614) 1:47 103800 | 284-11 
Side of clapping post 
4°52 | 6°62), 2°10 103900 | 288-63 of field gate in oc- 


| cupation road. 
pigs 2°24.) 0°14 |103916 | 288-49 








0:95 110-42! 9-47 289-4d, a nook 
| 
9-47 113-291 3-75 103944 285-69 a a ae 
0-07 |13-22113-15 103956 |285-76| Edge of road. 
440 |13151 875 108966 | 290-16: Top of bank. 
427) B75) 448 103976 |294-43! Da. do. 
0-16 | 4481 432 104000 | 294-59: 
2°44; 8°84) 6°40 288'19, B.M. southside of line. 
6-01 | 8:84) 2°83 104100 | 294-20. 
6-741 2-18] 1-44. 104200 | 292-76 
- | 9-18] 5:351 3:17 |104300 ' 289-59 





6:77| 7:28) 0-51 |104400 | 289-08 





0-03 | 7-28! 7-25 104490 | 289-11! Edge of ditch. 
7-951 8361 1-11 |104492 |298-00! Bottom of ditch. 
4-79 | 8361 3°57 104500 | 292-79; Stump, top of bank. 
0:62 | 3°37) 275 104600 | 293-41 
1:32 | 2:75) 1:43 104700 | 294-73 
1:10} 2-25] 1-15 |104800 293-58 
9-25} 8881 6-63 | 104900 | 280-95; Enteralder plantation. 
5651 9:53] 3-88 1104920 | 283-07 
9-53111:50] 1-97 1105000 | 281-10 
0:33 | 5:85] 5-52 105021 |281:43 
5°32.112-01} 6-49 1105160 | 274-94 
12-01 | 12°87 | 0-86 |105148 | 274-08 
9-10 112:87110°77 105190 | 276-18 
Foot of bank, which 
2-18 |10°771 8:59 105200 !278-36|2 rises perpendicu- 
larly 1 foot. 
719 | 859| 1:40 105300 | 285-55 





‘nesses acpi tepaptasbaensenisn tls i sa an c nhsgsnmch aeenieabagactnAnte AEL NLD NALL 
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FIELD NOTES—Wokrkine Section. 


eR REE ee Mig IE LES 48: CL TL TC LTE TET 


| 

Distance,| Reduced Remarks, 
| Levels. 
| 








eianiateeninttmenr ne: | RETR | ARE eenED amen TITIES | enn etrheralinrrme vmeipee see! 


| | O85-55 Brought forward. 











8:80 | 822] 4-42 105400 1289°35 
1:45 | 442| 2:97 105500 | 290°80 
2:97 | 3°39] 0-42 |105600/ 290-38 
339 | 5:51] 2-12 105700 | 288-26 
5'51| 7-67 | 2-16 | 105800 286-10 
5:41| 6:68| 1-27 | 105827/ 284-83 | Edge of ditch. 
6-68 | 8°56 | 1:88 (105832! 289-95 | Bottom of ditch. 
248 | 8561 6-08| 6°30 | 105837 | 285-43 | Top of bank. 
6-08 | 12°38 | 4°34 105854. 279-18 | Foot of bank. 
| 12°38 116-72 | 0-62 | 127479 
2-04| 266] 3°82 105900:27417 





2°66} 6°48} 2°38 105940: 270-35 | Edge of ditch. 








6°48 | 8:86 105944 267:°97 | Bottom of ditch. 
2°86 | 8°86] 6:00] 1:58 105952 270-83 | Top of bank. 
6:00 | 7°58 | 3°16 °-105960 269-25 | Foot of bank. 
| 7°58110°741 491 106000 266-09 
3°33 | 8:24) 0°91 °106095 261-18 | Top of bank. 


8:24} 915] 419 106100 260-27 ; Stump side of bank. 
9°15 |13°34 106105 256-08 | Bottom of ditch. 

1-69 |13°34 11-65 | 1:15 106110 ‘257-77 | Edge of ditch. 
11-65 | 12'80 | 0°51 106200 256-62 | 





3°62} 413 106300 25611 | 
O75 | £13); 3°38} — (106849 256°86 | Foot of bank. 
2°88 | 3°38} 0°50| 3°85 106359 259-74.| Top of bank. 
0°50] 4°30 106368 , 255-89 | Bottom of side drain. 
0-27 | 4:35) 408} 0°23 106386 25616 | Centre of parish road. 
4:08 | 431 106405 255-93 | Foot of bank. 
3°74 | 431] 0°57) 2:45 106415 259-67 | Top of bank. 
0°57 | 3°02] 0°41 | .257°22 


0-99 | 1:40] 1-43 | 106430 256°81 | Foot of bank. 
1:40] 2-83] 1-58 106500! 255-38 
| 283] 4°41] 0:07 | 106606 253-80 


| 441] 4-48 106700 253-73 | 
, se laneann!oks-1q J (Crosses foot-path at 
0-46 | 7:80| 7-34 ose 254-19 || oes.) 
2:93 | 7:34) 441 1106900 | 257-12 | 
3°67 | 441] 0°74 |107000 | 260-79 
4-20 '10°63| 6°43 | 107100 | 264-99 | 
506 | 643] 1:37 | 107200 | 270-05 | 
5°79 110°76| 497 107300 | 275°84. 
3°85 | 497} 1:12] 0:05 |107400) 279-69 
5:42] 5°47 107500 | 279°64. 


0-91 | 5°47 {| 456) 0°44 | 107600 | 280°55 
4°56 | 5:00] 0°56 | 107637 | 280-11 | Edge of ditch. 
5°00] 5°56 107640 | 279°55 | Bottom of ditch. 
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FIELD NOTES—Wokrxina 


1:06 
181 
3°10 
117 


0:93 
0°63 
3°53 


6°22 
o'16 
11:10 
8°37 
4°63 
3°46 
1°96 
460 
460 
4°58 
5°03 


. 4°40 


4°58 


Fall. 


0-49 


0°30 


3°29 
3 Ad) 
0-44 
1°89 
ov 
428 
7°93 
9:09 | 7-91 
8:13 
8°30 
7°97 
780 
6:97 
1:39 
1:79 


o'94: 





279°55 
107647 | 282-71 
107654 | 282-15 
107700 | 283-73 


107800 


107853 


107857 


107882 


107900 


107947 


108000 
108008 
108024. 


108047 
108098 


108100 
108200 
108300 
108400 
108500 
108520 
'108530 
108540 
108600 
108700 
1bs00 


ee rmnneee 


108900 
109000 
'109100 
109200 
1109300 
| 109386 
109390 
1094.00 
109405 
109500 
109600 
109700 
109800 
109900 
110000 
110149 
110377 





292°57 


297°68 
800°59 


299-09 


303°36 


312°11 
322°03 


323° 74: 


323-25 
326-23 
341-56 
341-26 
344-00 
344078 
341-49 
338-04 
337-60 
335-71 
330-00 
325°72 
317-79 
309°88 
301-75 
293-45 
285-48 
277-68 
270-71 
269-32 
267-53 
268°59 
262°65 
264-46 
267-56 
268°73 
265-13 
262°49 
262-49 
263°42 
262-97 
263-60 
263-42 
266-95 


| 
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Remarks. 


Brought forward. 
Top of bank. 
Foot of bank. 


Enter plantation. 
B. M. on timber stub. 


Top of bank, edge of 
plantation. 


Edge of bank. 
Foot of bank, 


Edge of ditch. 
Bottom of ditch. 
Stump, top of bank. 
Foot of bank. 


At post and rail fence. 
Edge of slope. 


Foot of slope. 


Stump, end of curve. 
On rails at endof curve, 
B. M. foot of post. 
Top of said post. 
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In taking levels for a minute section where the obser- 
vations must be very numcrous, and consequently the 
back and fore sights not very far from each other, the 
observer will frequently be able to make a number of 
observations at each setting up of the level at one side of 
his line, so that his instrument may be about equally 
distant from his back and fore observations. Due 
attention to this will save much time and labour, and 
experience will enable the surveyor at a glance to see 
where he can set up his level at every remove forward 
with the greatest advantage. Upon looking down our 
field notes above, it will be seen it seldom occurred that 
only one back and one fore sight was obtained at a 
setting up of the level, and this only took place where 
the ground was very steep: by the first setting up of 
the instrument four forward sights were observed, and 
of course as many back ones ;- thus the first back sight 
was 4°47, the corresponding fore sight 4°53; this latter 
number was also placed as the back sight for the next 
observation, which was 9°22; this number was in like 
manner placed as the back sight for the next forward ° 
observation, 5°07, which also became the back sight for 
the last forward observation we could obtain at that 
setting up of the instrument, namely, 0°24 : it should 
here be remarked that there was a necessity to place 
each forward reading as a back observation to the next 
forward reading, otherwise the difference of level between 
each point of observation would not have been obtained 
without more arithmetical work; the numbers otherwise 
only show the difference of level between each and the 
irst point of observation; besides, by this arrangement, 
the whole section is continuous, however numerous the 
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intermediate observations may be, and having the dis- 
tances opposite, the whole can be plotted off with facility. 
The columns of ‘‘ Rise” and “Fall” need no observation 
after what has already been said upon this subject. The 
column of Distances denotes the continuous measure- 
ments from the commencement, Gunter’s chain being 
the unit employed. Our notes commence at the 1033rd 
chain, and terminate with the end of the work, 1103 
chains and 77 links, which we consider an ample extract 
for the purposes of the student. The column headed 
““ Reduced Levels ” contains the height of each point of 
observation above the datum line, which in this case 
was Trinity high-water mark, London Bridge: these 
numbers are obtained by adding the “rises” and sub- 
tracting the “falls” from the preceding reduced level, 
which in our notes commence with 270°72 feet. 


THE SECTION.—SEE PLATE III. 


The datum line must be drawn, every chain should 
then be pricked off and the perpendiculars erected ; the 
chains or stakes should then be numbered beneath the 
datum line, to prevent mistakes, and just above the 
datum line the height of the surface at each stake should 
also be inserted; then the said heights can be pricked 
off upon the perpendiculars respectively, and the inter- 
mediate heights plotted from the field notes without fear 
of error, which otherwise, without great care, would be 
likely to occur in consequence of so many points falling 
near to each other, unless the scale be very large: the 
horizontal scale of the example is 1 inch to 5 chains, 
and the vertical scale 1 inch to 25 feet. Having 
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drawn the undulating line of the surface through these 
points upon the perpendiculars, the gradients or in- 
tended line of railway may next be laid downs the 
extreme left-hand point was given, being the level of the 
rails at the point of junction with another line. The 
railway is represented by two parallel lines, the upper 
one being the upper surface of the rails, and the lower 
one the bottom of the ballasting or formation level, 
being 2°25 lower than the surface of the rails: for a 
short distance the line is level, then it rises at the rate 
of 20 feet per mile, for the two-fold object of dimin- 
ishing the great cutting and of getting sufficiently high 
over the road at stake 1064, to allow (with the lowering 
the surface of the said road a small quantity) of suffi- 
cient headway for the public carriages to pass under the 
railway: from this point the line falls at the rate of 
20 feet per mile for a considerable distance, the object 
being to get as low down as possible further to the 
eastward, where there was to be a considerable embank- 
ment, and by these means such embankment was re- 
duced in dimensions; and furthermore, the earth from 
the cutting to the right of the road was to be taken east- 
ward to form the said embankment, and therefore the 
down-hill gradient was favourable for carrying on the 
work as well as forthe drainage of the cutting. Part of 
the earth from the large cutting was also to be taken 
to the eastward; the ascending gradient, up to the 
bridge, was unfavourable for this purpose, however, 
so far as the bringing out the bottom of the cutting, the 
upper part being brought down by means of inclined 
planes: the ascending gradient was unavoidable in this 
case, but by judiciously working the excavation, little 
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inconvenience and extra expense attended it. Each 
change of gradients is denoted by a strong vertical line 
from ‘the datum to the point of change, and the height 
marked thereon. The quantity of earth-work to form 
the cuttings and embankments with different slopes 
should be written upon them, as shown in our example; 
also over the line of figures denoting the height of the 
surface above the datum should be placed the depth of 
the cutting from the surface to formation level at the 
same point, or the height of the embankment, as the 
case may be: these heights and depths are those from 
which the calculations of the quantities are to be made, 
and therefore must be strictly correct; they should not 
be taken from the section by the scale, but should be 
obtained by calculation: the former method being liable 
to error. The calculation may be thus performed. Let 
it be required to find the depth of cutting at stake No. 
1083, where the height of the surface above datum is 
344°78 feet ; at stake No. 1064, the height of formation 
level above datum is 269:20, from which point the gra- 
dient descends at the rate of 20 feet per mile, or 0:25 
feet per chain, towards No. 1083; the distance from 
1064 to 1083 is 19 chains, which multiplied by 0°25, 
gives 4°75 for the fall of the railway in the interval 
between the two points; consequently the height of the 
railway above datum at No. 1083 is 269°20, minus 
4°75=264°45; this sum, subtracted from the whole 
height of the surface, gives 344°78—264-45=80°33, 
for the depth of the cutting at that point, and so of all 
the remaining numbers. After giving the above par- 
ticulars nothing need be added upon this subject. 
It may be worth observing, that in laying down the 
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gradients care should be had so to dispose them as to 
produce the minimum quantity of work in the execution, 
and that the cuttings should equalize the embankments, 
or, if anything otherwise, they should be a little in 
excess, to allow for subsidence or slips in the embank- 
ments. The facilities for working the excavations and 
carrying the earth to bank should also be considered; a 
down-hill gradient in that direction is most suitable, 
provided it can be obtained without interfering with 
other and often more important considerations: the 
drainage of the works during the formation and after the 
line is completed should also be considered at the time 
of determining the gradients. We have inserted (Table 
I. at the end of the work) a very extensive and useful 
Table of Gradients, which is sufficiently self-explanatory 
as not to require further notice. 

When a surveyor is required to level through a 
country in a perfectly straight line, and has not the 
advantage of its being picketed or poled out, his only 
means to keep a rectilineal course is by ascertaining, as 
accurately as possible, the magnetic bearing of one ex- 
tremity from the other, and work in that direction by 
means of a compass. We once had business of this 
kind, and determined the bearing of our intended line 
from the map of the Ordnance survey (allowing for the 
variation of the needle), and after pursuing the route 
thus determined, we were surprised and delighted at 
finding how exactly we came to our required point, con- 
vincing us (if a proof had been required) how justly the 
public confidence has been placed in our national survey. 

It is seldom the case in practice that the instrument 
can be placed precisely equi-distant from the back and 
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forward staves, on account of the inequalities of the 
ground, &c. It would appear, therefore, to be necessary, 
to make our results perfectly correct, to apply to each 
observation the correction for curvature and refraction, 
as explained in the early pages of our book; this, how- 
ever, we believe, is seldom done unless in particular 
cases, where the utmost possible accuracy is necessary, 
on account of the smallness of such correction, as may 
be seen by referring to our Table, page 9, where the 
correction for eleven chains is shown to amount to no 
more than +},, of a foot; and as the difference in the 
distances of the instrument from the back and fore 
staves can in no case equal that sum, it is evident that 
such correction may be safely disregarded in practice. 

Several machines have been constructed or designed 
for the purpose of describing a section of any ground 
passed over by the instrument, which at the same time 
would register the distance passed over, as well as the 
undulations: perhaps the best of this kind was the one 
designed and constructed by George Edwards, Esq., Civil 
Engineer, of Lowestoft, which is fully described and illus- 
trated in the forty-fourth volume of the “ Transactions 
of the Society of Arts,” page 123, to which we refer. 
The use of such machines, however, must, from the 
nature of the work to be performed, be of a very limited 
character. 

We have now described the leading principles and 
practice of levelling as employed in engineering opera- 
tions; and although our observations may appear to be 
confined to its applicability to railroad purposes, yet the 
intelligent student will find no difficulty in applying to 
practice the same principles to every other branch of the 
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profession where levelling operations may be required. 
We might indeed have multiplied instances and. ex- 
amples which would in reality have had no other-effect 
than to swell our volume, as it must have been, to a 
great extent, but simply a repetition of the details 
already given. 

Before closing this subject we cannot refrain from 
stating, that it has long been our opinion that if a 
register could be kept by some public body (as the 
Institution of Civil Engineers) of the height of particular 
spots throughout the kingdom, above some given datum 
as Trinity high-water mark, London Bridge, or any 
other that might be agreed upon, such a record would 
be invaluable both in a particular and national point of 
view : to the engineer and geologist it would be most 
important, and the whole register could be prepared 
from time to time at a trifling cost, if each engineer and 
surveyor would but contribute to the common stock by 
sending to head-quarters the level of any particular spots 
as he, in the course of his professional engagements, 
may have opportunity of determining them. We con- 
sider that no time is likely to be so fancetalde for the 
purpose as the present, as nearly the whole country has 
been levelled over for railway purposes within the last 
few years ; and no doubt the field notes of the greater 
part are still in existence, from which a great many such 
standard levels could be extracted by the parties who 
took the levels, and which in a few years it will be im- 
possible to eliminate. By way of showing more fully 
our meaning, we have extracted from our own levelling 
books a few such standard levels, and arranged them 
after the manner we have above alluded to. 
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COUNTY OF KENT. 
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Height in foet 
above Trinity 
high-water mark, 

Bridge. 


London 


Upper ae of tablet over door of No. 1 Martello Tower, near 
Folkestone 


Top of first paises on the oad from Folkestone Genie 
to Dover : ° 

Top of second aileatone. do. , 

Surface of ground at Folkestone tarapilte ate 

Dock wall at Dover, opposite Railway Office 


COUNTY OF SURREY. 


Surface of ground at New Chapel turnpike gate . 
Waste board of Godstone Ponds, back of White Hart Inn 
Top of twenticth milestone (from Westminster Bridge) on 
the road from Godstone to East Grinstead 
River Medway (tributary stream) meadows, west side of 
turnpike road, at Blundley Heath . : ‘ ; 
Broadham Green, near Oxted, foot of pointing post 


e e 


COUNTY OF SUSSEX. 


Honey-pot Lanc, South Chailley Common . : 
Gullage Farm, source of the Medway, near the barn 
Waste weir canal (east side of Lindfield) 
Summit of South Downs at Plumpton Plains 

. at Mount Harry . : 
Turnpike road, Brighton to Lewes, near the barracks . 
Cross roads, at Turner’s Hill turnpike gate 


LEVELLING WITH THE THEODOLITE. 


256°4 


4029 
510°7 
0046 

74 


188-0 
319-2 


287°6 


1512 
2682 


122°5 
324°6 

82°] 
682°5 
BY 3S 

85°1 
d30'2 


The application of the theodolite to the practice of 
levelling is an operation of great simplicity. We must 
suppose the reader to be already acquainted with the 
construction and method of measuring angles with that 
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valuable instrument ; and those who have no such 
knowledge, we refer to the Treatise on Mathematical 
Drawing Instruments spoken of, where every ‘parti- 
cular respecting it may be found. The ordinary 5-inch 
theodolite, of the best construction, is the one. we 
recommend to the use of the surveyor, it being suffi- 
ciently accurate for most purposes that fall within his 
province, and is convenient to use on account of its 
portability. A larger theodolite is seldom employed, 
except on surveys of great extent upon trigonometrical 
principles, as those of the United Kingdom under the 
direction of the Board of Ordnance, where theodolites 
of 3 feet diameter have been employed to obtain the 
requisite degree of accuracy. 

To use the theodolite in the common purposes of 
levelling, it 1s only necessary to set the instrument 
up at every spot on the line of country to be levelled, 
where the inclination changes, without regard to the 
minor inequalities of the surface, taking care that the 
adjustments have been carefully examined and rectified, 
as explained in the book above alluded to, especially 
those adjustments which set the line of collimation, 
and the spirit-level attached to the telescope, parallel 
to each other. Then set the instrument level by means 
of the parallel plate screws, and direct an assistant to go 
forward with a staff, having a vane, or cross piece, fixed 
to it exactly at the same height from the ground as the 
centre of the axis of the telescope. Having gone to the 
forward station, the assistant must hold the staff upright, 
whilst the observer measures the vertical angle, which 
an imaginary line connecting the instrument and staff 
makes with the horizon; the instrument and staff should 
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then change places, or, to save time, another staff should 
take the place of the instrument, and the instrument be 
removed to the former staff, and from thence the same 
angle should be taken back again, and the mean taken 
as the correct result. 

The distance must then be measured, which will 
furnish all the data required to find the difference of 
level between the places of the instrument and staff; 
this, it will appear evident, is a matter of trigonome- 
trical calculation,* the measured distance being con- 
sidered as the hypothenuse of a right-angled triangle, of 
which the perpendicular is the difference of level. It 
scarcely appears necessary to give the rule for the calcu- 
lation, but for the sake of uniformity we shall do so.f 

Add together thé logarithm of the measured distance, 
and the log. sine of the observed angle; the sum, rejecting 
10 from the index, will be the log. of the difference of 
level, in feet or links, d:c., the same as* the distance was 
measured in. 

If the distance be measured with Gunter’s chain, the 
result (in chains) can at once be obtained in feet, by 
simply adding to the above two logarithms the constant 
1:8195439, which (10 being rejected from the index) 
will give the log. of the height in feet. 

In this manner, by considering the surface of every 
principal undulation as the hypothenuse of a right-angled 
triangle, the operation of levelling may be carried on 
with great rapidity, but, it must be remarked, without 
pretensions to great accuracy; in fact, in that particular, 
the use of the spirit-level will never be superseded. 

* Capt. Frome’s Work, in 8vo., published 1840. 
¢ See Appendix I. 
EF 
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Another method of applying a theodolite to the pur- 
poses of levelling was introduced by Sir John Macneill. 
He caused to be constructed, by Messrs. Troughten and 
Simms, a more powerful instrument for the purpose. 
It was a combination of the level and the theodolite. 
He set it up at the foot of an inclination, and sent a 
man on with a staff as above described; and whilst 
the observer was looking through the telescope, another 
assistant walked along the line, holding up another staff 
at every rise and hollow of the intervening surface, and 
thereby the observer could note how much such rises 
and hollows were below the line of his vision. The 
distances from the instrument to the points where the 
staves were held up could then be measured, and the 
section drawn by simply ruling a line at the angle of 
elevation given by the instrument (or, more correctly, 
by computing the total elevation and setting that up as 
a perpendicular; and drawing the hypothenusal line 
thereto), and marking thereon the measured distances, 
and from such marks drawing perpendiculars of the 
various lengths indicated by the staff at its différent 
positions: a line connecting the extremities of the per- 
pendicular will represent the section of the surface line. 

Instead of measuring the distances, Sir John Macneill 
had attached to the eye-end of the telescope a beauti- 
fully-made wire micrometer, similar to those applied to 
astronomical telescopes, by which he could tell with 
sufficient accuracy the distances required. This method 
of levelling, like the former by the theodolite, will give 
but a general approximation to the truth, depending in 
a great degree upon the quality of the instruments, and 
the care bestowed upon the operation. 
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PART III. 


COMPUTATION OF EARTH-WORK—ROAD-MAKING— 
THE CLINOMETER, ETC. 


WE have now to show the manner of applying a section 
to practical purposes. If the object to be attained is the 
making of a railroad, it is essential that it be formed as 
nearly level, and as perfectly straight, as the surface of 
the ground will admit of; for the nearer it approximates 
thereto, the more profitably will it be worked when com- 
pleted, as locomotive steam-engines perform the most 
work with the least expense when thé resistance they 
have to overcome is uniform and invariable. The same 
remarks hold with respect to a turnpike road ; but the 
inclinations on the latter may be made greater and 
more variable, being worked by animal power, which is 
capable of putting forth, on a sudden emergency, a 
greater exertion for a short time, which is not the case 
with elemental or mechanical power beyond limits much 
short of what an animal is capable of. 

Sir Henry Parnell, in his valuable Treatise on Roads, 
recommends that a road should not be made steeper 
than 1 in 35; that is, forevery 35 feet in length of road 
surface, the difference of level will be 1 foot, that being 
an inclination which presents no difficulty to fast driving 
either in ascending or descending. But on a line of 

¥2 
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railroad to be traversed by locomotive engines, no rate 
of inclination, or gradient, as it is called,* should exceed 
90 feet in a mile, or 1 in 264. To draw the lines of 
proposed surface (or gradient) upon a section, which 
shall be the most suitable for the purposes intended, and 
at the same time to be the most economical in the 
execution, that is to say, to have the least possible 
quantity of earthwork in cuttings and embankments, 
requires judgment and experience: no definite rules can 
be given for this purpose, as no two sections present the 
same undulating surface.- There is one material point 
we would suggest, and which should be carefully 
attended to; viz., that for every piece of cutting, there 
should be an equal, or rather less, quantity of embank- 
ment. We say rather less because every newly formed 
embankment experiences a settlement to a greater or 
less degree, and therefore more earth will be required to 
raise it to a proper level. The excess of the cuttings 
above the embankments should never be great, other- 
wise the surplus would have to be disposed of in 
mounds, termed spoil-banks. In no case whatever 
should the required embankments exceed in cubical 
contents the quantity of cuttings; for then a serious 
difficulty occurs—land has to be purchased for the 
purpose of digging earth to supply the deficiency, which 
is usually called side cutting. 

* Sir John Macneill, in his preface to his valuable translation of 
M. Navier's little work on the “‘ Means of comparing the respective 
Advantages of different Lines of Railway,” says, ‘I have rendered 
the word peule by slope, in preference to inclination, inclined plane, 
or gradient, considering the two former, though generally used, as 
improper expressions ; and the latter, to say the least of it, as having 


so little to recommend it, that I hope it will have an extremely 
short existence in our nomenclature.”’ 
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Suppose in the cut below the upper figure to repre- 
sent the section of an old line of road, and that it were 
requifed, by cutting and embankment, to reduce it from 
its present hilly surface to one uniform rate of inclina- 
tion from the point A to the point B. The lower 





Cross Sections, 


extremity A is 10 feet above the datum line of the 
section, and the higher point B 46 feet above the datum; 
consequently, 46—10=—36 feet, the rise from A to B, 
and the distance 4356 feet, which, divided by the rise 
(36), will give 1 in 121 for the rate of inclination the 
road may be brought to. 

Upon the section draw the straight line AB, which 
will show the extent of cutting and embanking to be 
made. The number of cubic yards of earth to be re- 
moved in the cutting between the points B and C, and 
the cubical contents, in yards, of embankment between 
C and A, may then be computed in the following 
manner : 

Divide the quantities of cuttings and embankments, 
as shown upon the longitudinal section, into triangles 
and trapeziums, determined by the undulations of the 
surface lines, as shown in the above engraving, where, 
in the cuttings, a and ¢ are triangles, 6 a trapezium ; 
and in the embankments d and / are triangles, ¢ a tra- 
pezium. The form of the excavation and embankment 
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is shown by the transverse or cross sections. Let the 
width of the roadway (or base of the cutting, and top 
of the embankment) be 50 feet, including the* foot- 
path, &c., on each side; the slope of the cutting to be 
1} to 1, that is, 14 horizontal to 1 perpendicular: 
consequently, where the depth is 20 feet, the width of 
the slope at the surface will be 30 feet; the slope of the 
embankment to be 2 to 1, that is, for 19 feet perpendi- 
cular, the base is to be 38 feet. With these data, the 
cubical quantities, as computed by the valuable Tables 
of Sir John Maeneill,* are as follows: 


Excavation . . . 81517 yards 
Embankment . . 57081  ,, 


24436 surplus cutting. 


We have an excess of 24436 cubic yards of excavation, 
which is a quantity far too great. In order, therefore, 
to make the quantity of cutting and embankment more 
nearly balance each other, it would be necessary to 
continue the embankment beyond the point A, which. 
would lengthen the inclination, as shown by the dotted 
line drawn from the point B to a; this dotted line 
would now represent the proposed surface of the road. 
By such means we diminish the quantity of cutting, 
and, at the same time, increase that of the embank- 
ments; and also by lengthening the inclination, we 
reduce its steepness. The alteration of the proposed 
surface line must be so made, that the cubical quan- 
tities of excavation and embankment are nearly equal ; 


* “ Tables for calculating the cubic quantity of earthwork in the 
cuttings and embankments of canals, railways, and turnpike roads.” 
By Sir John Macneill, Civil Engineer, F.R.A.S., &c. 
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leaving, however, a preponderance in favour of the 
latter of about 10 per cent. to supply the deficiency oc- 
casiohed by the consolidation and shrinking of the earth; 
and if any portion of the excess be then remaining, it 
may be disposed of in flattening the slopes of the embank- 
ments, when no more convenient mode presents itself. 

The quantities of earthwork on a given section 
depend upon the arrangement and disposition of the 
gradients, or proposed surface lines; and there is no 
practical consideration of more consequence to the 
engineer, in laying out a proposed line of surface upon 
a section, especially if it be of any great extent (as the 
present projected lines of railway), than the most judi- 
cious distribution of the cuttings and embankments, 
which should not only be nearly equal to each other in 
quantity, but the circumstances must be considered 
under which the various embankments have to be sup- 
plied, it not being alone sufficient that for every hollow 
on the section there should be a corresponding protu- 
berance, but that such protuberances be advantageously 
situated for filling the hollows; for otherwise the work 
assumes a character of difficulty, in consequence of the 
great additional expense of removing the earth to a 
considerable distance; and if, in addition, the material 
has to be conveyed up an ascent, it will be more tedious 
in the execution. 

Knowing the value of practical examples in ele- 
mentary books, we shall here give the calculations of the 
above results in full, both by the common method; viz., 
The Prismoidal Formula, and Sir John Macneill’s Tables, 
by which the saving of labour by the use of the Tables 
will be made apparent. 
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Prismoidal Formula.—The area of each end added to 
four times the middle area, and the sum multiplied by 
the length divided by 6, will give the solid content. If 
the measures used in the calculation are yards, the 
result will be the content in cubic yards; but if they are 
feet, the result must be divided by 27, to obtain the 
corresponding number of yards. 


CALCULATION OF THE TRIANGULAR PORTION a. 














Height 0 
2) 18 
Height . . 18 “9 mean height. 
Slope. . . 15 1:5 slope. 
9-0 And 
18 9 
27°0 13°5 
J base (bottom of cutting, or 
= 50°0 { top of embankment). 
67 63:5 
Height . . 18 9 mean height. 
616 o¢71°5 middle area. 
77 4 
Area of 1386 2286°0 4 times middle area. 
greater end 1386°0 area of greater end. 
3672 
561 length. 
3672 
22032 
18360 
6) 2059992 
3) 343332 cub. content in feet. 
9) 114444 


LEG) ETD 


12716 cub. content in yards. 


20 height. 
1'5 slope. 

10°0 

20 

30°0 

50 base, 

80 

20 height. 


(ees 


1600 area between 
band c. 
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COMPUTATION OF 8. 


Height 18. Area, as before, 1386. 


18 
20 


2) 38 
19 
15 
9-5 
19 


28°5 
50 


19 


7065 
785 





1491°5 
4 





0966'0 
1386 
1600 





8952 
858 





71616 
4.4760 
71616 


6) 7680816 
3) 1280136 


9) 426712 








47412 


heights, 


mean height. 
slope. 


base. 


mean height. 


middle area. 


4, times middle area. 
area of lesser end. 
area of greater end. 


length. 


cub. content in feet. 


cub. content in yards. 


(4 
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COMPUTATION OF ¢, 
Area 1600, as before. 
ea heights. 


2) 20 


10 


tL 





ov 
10 


15°0 
50 





Oo 
10 
650 
4. 





2600 
2 1600 





4200 
820 





21000 
8400 
33600 


6) 3465000 
3) 577500 
9) 192500 

21389 











a= cub. content . 
b&b = cub. content . 
c == cub. content. . 


Total cuttings . 


mean height. 
slope. 


C7 
base. 


mean height. 


middle area. 


4. times middle area. 
area of greater end. 


length. 


cub. content in feet. 


cub. content in yards. 


» « « 2716 
47412 
21389 


81517 cub. yards. 
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COMPUTATION OF EMBANKMENT d.. 











19 height. 0 
2 slopes 19 
38 2) 19 
50 base. — 
— 9°5 
88 2 
19 height. — 
_—— 19-0 
792 50 
88 en 
—_— 69 
1672 area. 95 
34'5 
621 
655'5 
4 
2622-0 
1672 
42.94 
820 
85880 
34352 





6) 3521080 


3) 586847 





9) 195616 





21730 


mean height. 
slope. 


base. 


mean height. 


middle area. 


4 times middle area. 
area of greater end. 


length. 


cont. in cub. feet. 


cont. in cub. yards. 
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COMPUTATION OF @. 
Height 8. Area, as before, 1672. 
8 height. 19 ; 
2 slope. 8 \ heights. 
16 2) 27 
50 base. —— 
ars ,i3'5 mean height. 
66 2 slope. 
8 height. 
27°0 
528 area. 50 base. 
77 
13°5 mean height. 
385 
231 
7 
1039°5 muddle area. 
4. 
41580 4 times middle area. 
16/2 = areaof greater end. 
628 ~~ area of lesser end. 
6358 
825 length. 
31790 
12716 
50864. 
6) 5245350 
8) 874225 cub. content in feet. 
9) 291408 
32379 cub. content in yards. 
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COMPUTATION OF f. 
Area, as before, 528. 
of heights. 


2) 8 





4 mean height. 
2 slope. 
8 
50 base. 
58 : 
4. mean height. 
232  #middle area. 
a 
928 4 times middle area. 


528 area of greater end. 





1456 
330 length. 





4.3680 
4308 





6) 480480 
3) 80080 cub. content in feet. 
9) 26693 


2966 cub. content in yards. 





== cub. content . . . . 21735 
e@ == cub.content . . . . 32379 
f=cub.content . . . . 2966 





Total embankment . . . . 57080 cubic yards. 
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The same quantities computed by Sir John Macneill’s 
ables. 


THE CUTTINGS. 








COMPUTATION OF a. COMPUTATION OF 6. 
Tabular No. . . . == 22°67 Tabular No... . . = 55°26 
Length .... . o61 Length .... . 858 

2267 44208 
18602 27630 
11335 44208 


Cont. of a in cub. yds.=12717-87 Cont. of bin cub. yds.=47413-08 


COMPUTATION OF c. 





Tabular No... . . . .) = 26°92 
Length ......., 825 
12960 
5184, 
20736 
Cont. of ¢ in cub. yards . == 2138400 


THE EMBANKMENTS. 














COMPUTATION OF d. COMPUTATION OF @é. 
Tabular No. . . . == ‘3519 Tabular No. . . . = 5000 
Base ..... 50 Base ..... 50 

17°5950 25°0000 

Tabular No. . . . + 8914 Tabular No. . . .+ 14247 
26°509 39°24.7 

Length... .. . . 820 Length .... 825 
530180 196235 

212072 78494 

3138976 

Cub. content , 2 21737°380 


Cub. content . == 32378775 
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COMPUTATION OF f. 











Tabular No. . =: 1481 
Base 50 
7°4050 
Tabular No. . + 1°580 
8°985 
Length . 330 
269550 
26955 
Cub. content . 2965°050 


RESULTS BY THE TABLES. 


CUTTINGS. EMBANKMENTS, 
a == 12717°9 d = 21737°4 
b = 47413°1 e = 32378°8 
ce = 213840 f = 2965:0 


79 








81515°0 07081°2 


By comparing these results with those obtained by 
the former process, it will be seen that the cubical 
quantity of cuttings differs but two yards, and that of the 
embankments but one yard. The computation by the 
Tables may be abbreviated by using but one place of 
decimals, which would be sufficiently accurate for prac- 
tical purposes. Our object is to show the calculations, 
by the Tables, in their greatest extent, which even then 
produce a great saving of labour, and, of course, a much 
greater probability of accuracy, in consequence of the 
fewer figures employed than the former process. 

It will be seen that the calculation of the embank- 
ments by the Tables is a longer process than that of the 
cuttings, the latter being done by simply multiplying a 
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number taken from the Tables (answering to the height 
or depth at each end) by the length; whilst, for the 
embankments, the tabular number is first multiplied by 
the base (or width of roadway), and to the product is 
added a second tabular number taken out at the same 
time as the first. The first series of Sir John Macneill’s 
Tables contain the numbers corresponding to a base of 
50, and a slope of 14 to 1 (which is the slope of the 
cuttings in our example). But for a slope of 2 to 1, 
reference must be had to the second series of the same 
Tables, which are applicable to every width of base, and 
from slopes varying from § tol, to3 tol. We have 
adopted this example to show the calculations both by 
the particulur and general Tables, as the first and 
second series of the valuable work referred to may be 
called. 

The following is an extract from Sir John Macneill’s 
preface to his Tables :—“ All practical engineers are 
well aware, by experience, of the inconveniences which 
arise from the length of time necessary for calculating 
the cubic quantity of earthwork in the cuttings snd 
embankments of canals, railways, and turnpike roads, 
especially when the section is of considerable extent, 
and the ground very uneven. As calculations of this 
kind are frequently, on a short notice, required to be 
completed within a limited period, the consequence is, 
that errors are almost sure to be made, as a multiplicity 
of figures is necessary, though the calculations in them- 
selves are so very simple. 

“To save time in making these calculations, and 
ensure accuracy in the results, were the principal objects 
I had in view in constructing the following Tables; how 
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far I have succeeded, must be left to the decision of 
practical men, for whose use they were intended, and 
who axe best able to judge of their utility. 

“ An advantage may arise from the use of these 
Tables, which I had not at first contemplated. By the 
common but erroneous method of calculation, the 
cuttings may appear to be equal to the embankments; 
yet when the work is carried into effect, a large quantity 
of earth may be required to make up the embankments, 
or there may be too much earth in the cuttings for the 
embankments, according to the shape or figure of the 
section, as will be shown hereafter. Such a circum- 
stance as this cannot take place if the following Tables 
be used to ascertain the cubic quantities ; for, as they 
are calculated from the prismoidal formula, they will 
give the true cubic quantity in any cutting or embank- 
ment; and consequently, if the cuttings be laid down on 
the section to balance the embankments, they will be 
found in practice to do so, when the work comes to be 
executed. 

-<‘ontractors very frequently find that they have 
more earth to move than they had previously calculated 
upon from the section, and are, therefore, often great 
losers. This, in most cases, arises from erroneous 
calculations; for the common practice is, either to add 
the two extreme heights together, and to take half the 
sum for a mean height; or to take half the sum of the 
areas at each end for a mean area. Both these methods 
are erroneous; one makes the quantity too much—the 
other too. little.” 
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SLOPES, ETC. 


As connected with the subject of earth-work, we may 
insert in this place some particulars respecting the 
arrangement of slopes in cuttings and embankments. 
They are usually expressed in terms of the height or 
depth of cutting, as half to one, one to one, two to one, 
&e., signifying that for every foot perpendicular, the 
cutting shall batter half a foot, one foot, two feet, &c. 

The slope adopted must depend upon the nature of 
the material worked upon. Solid rock may be left 
perpendicular, whilst loose friable material, or sand, will 
stand but at a very small angle with the horizon. The 
true criterion to judge of the proper slope to work 
to, is to observe, if convenient, what slope or angle the 
materials naturally assume when left to themselves. 
To determine this by measurement would be trouble- 
some and tedidus: but by the aid of a small instru- 
ment called a clinometer, the angle which any sloping 
surface makes with the horizon may be at once mea- 
sured, and the ratio of the slope to the perpéndi- 
cular, as one to one, &c., be readily deduced. As 
this very useful portable instrument is not generally 
known, we shall subjoin an engraving and description 
of it. 

The following figure represents a clinometer, or, as 
it is called in some parts of the country, a batter level. 
It consists of a quadrant AB, of about two inches 
radius, attached to a flat bar C D, six inches long. The 
quadrant is graduated to degrees, from B towards A, 
and adjoining the divisions may be inserted, if required, 
the corresponding ratio of the slopes, one to one, &e. 
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An index bar, E, turns upon the centre of the quadrant, 
and carries a spirit-level by which the index may be set 





D 


truly horizontal by the hand; and whatever angle is 
there denoted on the quadrant, will be that of the slope 
required. At F isa hinge joint, by which the bar C D 
may be folded up, and the instrument can then be 
deposited in a box of very small dimensions, and carried 
in the pocket without inconvenience. 

To use this instrument, open the hinge-joint, and rest 
the edge of the bar CD on the face of the slope to 
be measured; then gently move the index E round 
its centre until the attached spirit-bubblé assumes a 
central position in its glass tube, and the angle, indicated 
by the index on the graduated arc, will at once measure 
the inclination. The ratio of the slope to the perpen- 
dicular is represented by the natural co-tangent of the 
angle thus measured; but as the observer may not have 

e2 
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at hand a Table of natural co-tangents, &c., we have 
annexed a Table at once showing the slopes corre- 
sponding to the various angles of inclination. likely to 
be required. 

It will appear evident, that the longer the bar C D is, 
the more accurate will the, measure of the slope be; but 
there is no necessity for the instrument to be encumbered 
with a long bar, which would destroy its portability, 
because it can easily be attached, by tying, to the end 
of a long straight rod, which can be furnished by any 
neighbouring carpenter, and the real slope of an undu- 
lating inclined surface can then be accurately measured. 


Table of Slopes. 
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Slope ail Ratio of | Angle of Slope. Rlope or Ratio a4 Angle of Slope. 
Batter Slope to {1 patter Slope to | 
Worpen. | Perpendi- ae | with | Werpene | Perpendi- | wien | With 
dicular. |  CUlar- | vertical. ‘horizon. |, dicular, | CU pun horizon. 
; : H ; pretense 
ft. in. Lo te | fe in ee | 8 
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04/2 , 1,18 6/71 34) 4 6: 44,,1(77 28) 12 92 
0 44/8 » 1; 20 34:69 26) 6 0; & 1/78 41411 19 
G5 ia » 1) 22 37-67 23) 6 6) 5},,1:79 42/10 18 
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o6 if . 1/26 34/63 26) 7 o| 7 1/81 52) 8 8 
07 | » 1/380 15/59 45) 8 O} 8 ,, 1/82 58; 7 7 
0 8 » 1/33 41/66 197 9 0! 9 51/83 30: 6 21 
0 9 i” 1/36 52/63 8110 0,10 ,,1:)84 17] & 48 
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It is very important, in fixing upon the slopes for the 
sides of an excavation or embankment, to approximate 
very nearly to the inclination at which the ground would 
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naturally stand without slipping ; for if they be made 
greater than necessary, a large quantity of labour, and 
of the’surface of the ground, will be uselessly devoted. 
The proper slope for each particular soil can only be 
determined by observation and experience. ‘ An em- 
bankment that would stand perfectly firm, and bear the’ 
action of the weather, when formed of sand, gravel, 
or the débris of rocks, and other materials that do not 
retain water in their fissures, would not last one winter, 
if it chiefly consisted of clay. The same remark applies 
with equal force to cutting, where it is made through 
a stratum of clay.’* ‘A slope of 1 to 1, that is, a 
slope of 45°, is found sufficient for ordinary earth; for 
clay 14 to 1, ora slope of 33° 41" with the horizon, may 
often be required, unless it can be mixed with open 
materials to prevent water collecting in the fissures pro- 
duced by its shrinkage in dry water. In other cases, 
so steep a face may be left as # to 1, or even } to 1; 
and the slope that will be likely to stand may easily be 
judged of, by knowing the nature of the strata which 
will be cut through, and examining its state when 
exposed in the surrounding district.” 

At Boughton Hill, near Canterbury, there is a large 
cutting through London Clay, which, together with the 
embankment at the foot of the hill, formed of the same 
material, has been constantly giving way. The slopes of 
the embankment have been flattened from time to time, 
and now assume some appearance of consolidation; but 
the slopes of the cutting near the summit of the hill 
continue to slip down upon the roadway. From some 
cross-sections we were able to take a short time since, it 


* Tredgold on Railroads, first edition, page 117. 
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appears that the original slope of the cuttings was about 
2 to 1, forming an angle with the horizon of 26° 34’; 
but the natural slope assumed by the soft clay*where 
it has slipped is about 9°, or a little more than 6} to 1. 


ON SELECTING A LINE OF COUNTRY FOR A ROAD OR 
RAILWAY. 


The choice of a suitable line of country for the forma- 
tion of a turnpike-road, a railroad, or a canal, preparatory 
to the levels being taken, requires both judgment and 
care; otherwise a fruitless expenditure of time in taking 
a number of trial-sections may be the result, if attended 
with no more serious and permanent inconvenience. A 
person undertaking such a work should previously devote 
a little time to obtain a knowledge of the country, its 
localities, its structure, and geological character: such 
knowledge will lead to the choice of several lines of 
direction, which appear to the eye as equally favourable; 
it then becomes necessary to make such preliminary 
surveys as will enable the engineer to adopt the one 
which, under all circumstances, is likely to prove the 
most advantageous. 

At p. 113 (1st edition) of the late Mr. Tredgold’s 
work upon Railroads, we find the following observations 
upon this subject: “ In order to facilitate the choice of a 
line as it regards the surface of the country, the engineer 
may be reminded, that even in the disposal which nature 
has made of hills and valleys there is much system. 
Those things which to the first glance of the better- 
informed, and at all times to the ignorant, appear to 
be without order or arrangement, are the result of the 
uniform action of natural causes, and are, in reality, 
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capable of being traced and described with less difficulty 
than would be expected. Where a considerable tract of 
country is to be surveyed, the best index to its elevations 
and depressions is its streams and rivers; these indicate 
every change of inclination, and to the experienced eye, 
with considerable precision. It will also be observed, 
that each river has its system of valleys; and except in 
a few instances, where the draining is effected by the 
outburst of an open stratum, a district, whose bounding 
ridge is easily traced, is drained by its river and system 
of valleys. | | 

“ Having formed a tolerable idea of the best direction 
for the road, the next step must be to make a more 
particular survey, with a view to fix nearly the precise 
line. We would recommend the principal engineer to 
have this done by rectangular lines, as infinitely superior 
to surveying by triangles, in giving him an exact know- 
ledge of the surface of the country. Perhaps, with the 
assistance of a diagram, we shall be able to render the 
advantage of this method obvious. 
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“Let A B be a portion of the intended line, and C D 
the breadth of the country to be included in the survey. 
At any suitable distances choose stations, a, 4, @, their 
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distances apart depending on the changes of level, and 
let the principal line A B, and also the cross lines b 4, 6 6, 
&c., be accurately levelled, and then drawn, as shown 
in the figure, on the plan of the line of road. If the 
distance } 6 is required to be considerable, perhaps an 
additional line in the principal direction may be necessary. 
The etched lines show the form of the surface at the 
lines A B, 65, 6b, &c., on the plan; and the latter being 
sections at right angles to A B, there is no difficulty in 
seeing the extent of cutting, or of embankment, that 
may be avoided by varying the position of the principal 
line. In fact, a plan of this kind, to a person familiar 
with sections, is better than a model of the country.” 

The most advantageous direction for a line, either of 
roadway or railroad, intended to connect two places, Is 
evidently that of a right line, both horizontally and ver- 
tically: if one extremity of the line is more elevated 
than another, the straight line connecting them will be 
an inclined plane, having one uniform rate of inclination ; 
but if a uniform slope cannot be obtained in the direct 
line, it is necessary to deviate therefrom to obtain, as. 
nearly as the circumstances of the country will admit, 
such an inclined plane, or at least to obtain continued 
progressive rises, avoiding as much as possible the intro- 
duction of useless ascents, that is, ascending where we 
must descend again, and wee versd. When a line of 
road is encumbered with numerous and extensive useless 
ascents, the wasteful expenditure of power in the con- 
veyance of goods is very Preat, as the number of feet 
actually ascended is increased many times more than is 
necessary, if each height, when once gained, were not 
lost again. 
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Sir Henry Parnell, in his valuable treatise on Roads, 
gives the following instances of this kind of road- 
makirg :-—“ As one instance, amongst others, of the 
serious injury which the public sustain by this system 
of roadmaking, the road between London and Barnet 
may be mentioned, on which the total number of per- 
pendicular feet that a horse must now ascend is upwards 
of 1300, although Barnet is only 500 feet higher than 
London; and in going from Barnet to London, a horse 
must ascend 800 feet, although London is 500 feet lower 
than Barnet.” 

Another instance of this defect in road-engineering 
is observable in the line of the old road across the island 
of Anglesea, on which a horse was obliged to ascend and 
descend 1283 perpendicular feet more than was found 
necessary by Mr. Telford, when he laid out the present 
new line, as shown by the annexed Table: 





Height of | 











| Length. | 
ae THE Simcdevroseil 

high water. | Miles. Yanls. 

fat, 

SAAN aN ATA Rhee HERRON tet Rineetenettim bene Y SINT TTRS ARAN ROTI a ar a 

Old road. 339 | B40 240-428 

i 

New road . 193 | 2250 21 1596 


Difference . 146 | 1283 » 509 





In choosing the best direction for a line of roadway, 


the rate of inclination which can be obtamed, with a 
moderate outlay in cuttings and embankments, is a con- 
sideration of greater importance than the mere main- 
taining of a direct line. For though the measured 
length of a circuitous route may be considerably greater 
than the length of a direct line, yet if the inclinations in 
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the former case are much more favourable than those in 
the latter, it must be evident that more may be gained 
in speed, with the same expenditure of power, than is 
lost by the increase of distance. Thus, if two roads 
rise, one at the rate of 1 in 15, and the other at the rate 
of 1 in 35, the same expenditure of power will move a 
weight through 15 feet of the one and 35 feet of the 
other, at the same rate. 

Upon the subject of the maintenance of turnpike 
roads, we shall annex an abstract of the General Rules 
for Constructing and Repairing Roads, laid down by the 
late Mr. Telford, and which is so fully treated upon in 
the important work of Sir H. Parnell on Roads. 


SHAPE, OR TRANSVERSE SECTION. 


The roadway should be 30 feet broad; the centre 
should be 6 inches higher than the level of the sides, 
where the junction of the surface, with the sloping edge 
of the footpaths, or other defining bounds of the road- 
way, form the side channels; at 4 feet from the centre 
(on each side) the surface should be half an inch lower; 
at 9 feet, it should be 2 inches lower; and at 15 feet, 
its extreme edge, it should be 6 inches lower; this will 
give the form of a flat ellipse, which is well adapted for 
carrying off the water to the side channels, without 
making the cross section of the road too round, and 
allow the sun and wind to have a greater effect in 
evaporation, and keeping the road dry. In giving the 
surface one uniform curvature from side to side, the 
surveyor should use such a level as is described at 
page 96. 
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The footpaths should be 6 feet broad, and have an in- 
clined surface of 1 inch in a yard towards the road; its 
surface should not be lower than the level of the centre 
of the road, and the edge should be sloped down (and 
covered with green sod) to meet the roadway, and form 
the side channel to carry off the water from the surface. 


DRAINAGE. 


All open main drains should be cut on the field side 
of the road fences, and should lead to the natural water- 
courses of the country; in general, they should be 3 feet 
deep below the bed of the road, 1 foot wide at bottom, 
and from 3 to 4 feet wide at top. Stone drains and cul- 
verts should also be made under the road, and continued 
to the open side drains, or ditches; side channels (before 
named) must be made on the read side, with openings 
of masonry into the cross drains, to prevent any water 
lying on the road, it being necessary, in order to pre- 
serve the surface of a road perfect, that it be kept com- 
ptetely dry. All land springs ought to be carried from 
the site of the road by under-draining. 


FENCES. 


‘¢ All road fences should be kept as low as possible, 
never being allowed to exceed 5 feet in height, in order 
that they may not intercept the sun and wind, and 
diminish their effects in producing evaporation;” and for 
the same reason no tree should be allowed to grow by 
the side of a road; for by keeping the roads wet, they 
occasion the rapid wear of the materials of which they 
are formed. , 
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ROAD MATERIALS. ‘ 


The hardest description of stone should always be 
‘preferred, such as basalt, granite, quartz, &c. ‘‘ The 
whinstones found in different parts of the United King- 
dom, Guernsey granite, Mountsorrel and Hartshill stone 
of Leicestershire, and the pebbles of Shropshire, Staf- 
fordshire, and Warwickshire, are among the best of the 
stones now commonly in use. The schistus rocks, being 
of a slaty and argillaceous structure, will make smooth 
roads, but they are rapidly destroyed when wet by the 
pressure of the wheels, and occasion great expense in 
scraping, and the constantly laying on of new coatings. 
Limestone is defective in the same respect. Sandstone 
is generally much too weak for the surface of a road; it 
will never make a hard one. The hardest flints are 
nearly as good as the best limestone; but the softer 
kinds are quickly crushed by the wheels of carriages, 
and make heavy and dirty roads. Gravel, when it con- 
sists of pebbles of the harder sorts of stones, will make a 
good road; but when it consists of limestone, sandstone, 
flint, and other weak stones, it will not; for it wears so 
rapidly, that the crust of a road made with it always 
consists of a large portion of the earthy matter to which 
it is reduced, and prevents the gravel from becoming 
consolidated, and the road from attaining that perfect 
hardness it ought to possess.” * When the materials 
are stone, they should be broken to a size of a cubical 
form not exceeding 2 | inches in their largest dimensions, 


* Abridged from Sir H. Parnell.on Roads, page 271. 
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and should be capable of passing through a ring of that 
diameter. When it consists of gravel, the pebbles which 
are frdbm,l to 1} inch in size only should be used for the 
middle part of the road; all larger pebbles should be 
broken; the smaller stones may be used for the sides of 
the roads and the footpaths. 


THE FOUNDATION AND DISPOSITION OF MATERIALS. 


Before the foundation is laid, the surface on which it 
is to rest must be prepared, by making it level from side 
to side, and, if necessary, raising it so that the finished 
surface of the road may not be below the level of the 
adjoining fields. If the subsoil be wet and elastic, it 
must be rendered non-elastic by whatever means is best 
adapted to overcome the cause, as drainage, &c. The 
foundation should consist of a rough close-set pavement, 
of any kind of stones that can be most feadily procured; 
those set in the middle of the road should be 7 inches in 
depth; at 9 feet from the centre, 5 inches; at 12 feet 
from the centre, 4 inches; and at 15 feet, 3 inches. 
They should be set with their broadest faces down- 
wards, and lengthwise across the road; and no stone 
should be more than 5 inches broad on its face. “ The 
irregularities of the upper part of the pavement 
should be broken off with the hammer, and all the 
interstices should be filled with stone chips, firmly 
wedged, or packed by hand with a light hammer; so 
that, when the pavement is finished, there may be a 
convexity of 4 inches in the breadth of 15 feet from the 
centre. 

“The middle 18 feet of pavement should be coated 
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with hard broken stones, of the form and size described 

under the head ‘Road Materials,’ to the depth of 

6 inches. Four of these 6 inches to be first put on, and 
worked in by carriages and horses; care 
being taken to rake in the ruts until the 
surface becomes firm and consolidated, after 
which the remaining 2 inches are to be put 
on. 

‘‘The paved spaces on each side of the 
18 middle feet should be coated with broken 
stones, or well-cleansed strong gravel, up to 
the footpath, or other boundary of the road, 
so as to make the whole convexity of the 
road 6 inches from the centre to the sides of 
it; and the whole of the materials should be 
covered with a binding of an inch and a half 

| [| in depth of good gravel, free from clay or 
earth.” 

The footpaths should be made with a 
coating of strong gravel, or small broken 
stones, at least 6 inches deep. The an- 
nexed engraving exhibits a section of a road 
constructed according to the above rules. 


REPAIRING ROADS. 


Towards the latter end of the autumn of 
each year, a road should be put into a com- 
plete state of repair, to preserve it from 

being broken up during the following winter, between 
which time and the preceding ‘spring, all repairs, by 
laying on of new materials, should be done. If thin 
coatings be laid on at a time, and when the ground is 
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wet, they will soon be worked into the surface without 
being crushed into powder. 

All ruts and hollows should be filled up as soon as 
they appear. The side channels and drains should be 
continually kept clean, and free from obstruction; and 
all damage they may have sustained be made good as 
soon as discovered. 

‘A road should be scraped from time to time, so as 
never to have half an inch of mud upon it; the mud 
should not be scraped into, or allowed to remain in, the 
side channels, so as to stop the running of water in them. 

‘The hedges should be kept constantly clipped and 
cut as low as possible, without rendering them unfit for 
confining cattle; and all projecting branches of the trees 
in the fences should be lopped.” 

In the minutes of evidence given before a Select Com- 
mittee of the House of Commons on the subject of Steam 
Carriages, we find the following paragraph as part of the 
evidence given by Sir John Macneill: 

‘‘Well-made roads, formed of clean, hard, broken 
stone, placed on a solid foundation, are very little af 
fected by changes of atmosphere; weak roads, or those 
that are imperfectly formed of gravel, flint, or round 
pebbles, without a bottoming or foundation of stone 
pavement or concrete, are, on the contrary, much 
affected by changes of the weather. In the formation 
of such roads, and before they become bound or firm, a 
considerable portion of the subsoil mixes with the stone 
or gravel, in consequence of the necessity of putting the 
gravel on in thin layers: this mixture of earth or clay, 
in dry warm seasons, expands by the heat, and makes 
the road loose and open; the consequence is, that the 
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stones are thrown out, and many of them are crushed 
and ground into dust, producing considerable wear and 
diminution of the materials: in wet weather, alsb, the 
clay or earth, mixed with the stones, absorbs moisture, 
becomes soft, and allows the stones to move and rub 
against each other when acted upon by the feet of horses 
or wheels of carriages. This attrition of the stones 
against each other wears them out surprisingly fast, and 
produces large quantities of mud, which tend to keep 
the road damp, and by that means increase the injury.” 


Inches. 





‘ Length of gange, 9 in. 
if Slt for screw pin, 2 do, 





Slit for screw pin, 2 do. 
Length of gauge, 11 in, 
Slit for screw pin, 4 do, 


Length of gauge, 7 in. 








a 


T°" widdle of Road. 





The above engraving represents the level employed by 
road-surveyors in laying out new works. On the hori- 
zontal bar B C are placed four sliding gauges, a, 8, ¢, d, 
which move in dovetailed grooves cut in the horizontal 
bar, and when adjusted to their proper depth below the 
bottom edge of the level, can be firmly fixed in their 
position by a thumb-screw. A section of this portion 
of the instrument, taken through the line at e, is given 
on the right, drawn to a larger scale; the remaining 
parts of the instrument require no explanation. 

For laying out slopes, the clinometer, described at 
page 82, is the best instrument that can be used. 
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TaBLe I.—Showing the reduction upon cach chain necessary to reduce 
hypothenusal to horizontal measure. 





i 
4 


Angie of | Reduction Angle of | Reduction, Angleof | Reduction 
ascent or in N pecent or | in (4 ascent or n 
deacent. links. | descent. | links. descent. links, 
A , | = « 1 a 

4 0 $ || 23 48 8h | 330 OBA 17 
6 44 2 | 24 30 9 % 84 25 | 174 
7 2 $ | 2 1 | 9 | 34 55 18 
8 7 1 ; 25 451 100 | 85 25 183 
11 28 2 | 26 30 104 35 54 19 
12 50 2) 27. — «8 1] 36 24 193 
lf 5 3 | 27 45 | 14 | 36.53 | 20 
15 13 3: fi 28 22 12 | 37 21 20} 
16 15 4 ; 28 48 12 | 387 49 21 
17, 15 4, | 29 33 130} 38 «17 214 
18 12 5 . 80 8 13) 4 388 «48 22 
19 6 54 | 800 41 14 39 12 224 
19 57 6 ' 31 428 143 | 39 39 23 
20 47 64 | 31 48 | 15 | 40 6 | 233 
21 34 7 32 «20 154 |} 40 38 24 
92 20 7s | 32 52 | 16 | 40 58 | 248 
23 6 8 | 33 24 | 164 N42 25 | 25 
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Tape Il.—Gradients or Inclined Planes. 


Ascent or 
descent. Rate of 
In 1 In inclination. 
mile.! chain. 
les ft. dec. ! 
i | 0-013 | 1in 5280-0 
2} 0°025 | ... 2640°0 
3 | 0°038 | ... 1760-0 
4 | 0°050 | ... 1320°0 
5 | 0-063 . 1056-0 
6 | 0:075 E 880-0 
7 | 0088 | ... 7543 
8 0:100 joe 660-0 
9 0113 ,... 5867 
10 0125 |... 528-0 
11 | 0-138 hae 480°0 
12 0°150 | .. 440-0 
13 0163 |)... 4061 
140 O175 |... 87771 
15 O188 |... 352°0 
16 | 0-200 330-0 
17 | 0°233 310-6 
18 | 0°225 298-3 
19 0238 |... 277°9 
20 0250 | ... 264-0 
21 | 0-263 251-4 
22 | 0-275 — 240°0 
23 | 0'288 | ... °229°6 
24 | 0300] ... 2200 
25 0313; ... 211-2 
26 203°1 
27 «0338 1956 
28 0°350 188°6 
29 0°363 182-1 
30 O379 176°0 
31 | 0°388 170°3 
32 0-400 165°0 
33 «07413 160°0 
34 0-425 | 1553 
35 0°438 150°9 
36 0°450 146°7 
37 0°463 142-7 
38 0-475 138-9 
39 0°488 135°4 
40 0-600 132-0 
41 04513 128'8 
42 0°525 125'7 
43 0°538 1u2'8 
44 0550 120-0 
45 117°3 
46 O575 114:8 
47 0-588 1123 
48 0-600 1100 
49 06132 107°8 
50 0-625 105°6 
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descent. 
In 1 In1 
mile. chain. 
fect. ft. dec. 
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§2 | 0°650 
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59 ' 0°688 
56 | 0-700 
57 ' 0-713 
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Tante III.—TZo convert Links into Feet. 


OT Ice mata get ANCE tbat = OE A 4 Atte OPN 


Links| 0s... 
0 1 
fect. | feet. 
0}| 00! 66-0 
0-7} 66-7 
2) 13) 67:3 
31 2:0} 68-0 
41 26! 686 
5 | 33) 69:3 
6; 40, 700 
7 46° 706 
8 a3 71°38 
9) 59) G19) 
, } 
{ 1 
10 | 66, 726 | 
| 78) 733 
2!) 79! 79 | 
t "Oi TAL; 
| 3 | te | 
' 9-9. 759 | 
106 76-6 | 
D2 772 
bo. 779 
/125 | 78% | 
| 
H1a2) 79-2 | 
F130, 799 | 
{ ) 4 80") 
bie 812s 
5 | 158 | 81'8 | 
16°56) 82-5 
slag2) sae ! 
7 | 17-8 | 838 | 
) 198} 858 | 
20°35 | 86:5 
2b] 87-1) 
21:8] 87-8 : 
224} 88-4 
23°1 89°] | 
23°38) 89°8 
24-4 | 90-4 | 
2511 91) | 
29°79 { 91:7 | 
2641) O24 | 
O71] O31! 
O07) 93-7 | 
28-4) 944 
29-0 950 
2977 | 95-7 
ae 96'4 
81°01 97-0! 
31-7 | 97-7 | 
32°3) 983 | 





CHAINS, 
cis 5 | 6 ! 7 | 8 

“fost, | seats j feet. | fect. » feet. . feet. | feet. 
132-0 | 198°0 | 264-01 330-0 ' 396-0 | 462-0 | 528-0 | 
132-7 | 198-7 | 264°7 | 330-7! 3896-7 469-7 528-7 
133-3 | 1993, 2643} 331-3 397-3 463-3 | 529°3 
1340 | 200: 0] 2660 | 3320 34980 464-0: 530-0 
134G | 200-6 | 266-6 | 332-6 398-6 464°6!| 530°6 
135°3 | 201-3 | 267- 3 | 833-3 8993 4643) 531°3 
136-0 | 202-0 | 268-0, 354-0 400°0 466-9 | 532-0 
136°6 | 202-6 , 268-6 | 8346 4006 466-6 532°6 
137°3 | 203-3: 269-3. | 8384°3 401-8 467-3) 533-3 
137-9 | 203-0 269°9 | 8359 4019 467-91 4383-9 
138°6 | 2046 270-6 | 336-6 4026 

139°3 | 200-3) 271-8! 8878 4U3°3 

1399 | 20591 2719) 887-9 403-9 

140-6 | 206-6 | 272-6) 838-6 404-6 

nH UOT? UES 8002. AUR, wesc eee 
141-9 | 207-9 | 278-9 | 339°9 | 405-9 4AT1Y ) 53709 
142-6 | 2086 | 274-6 | 3406 | 406G 472 B+ AQAA 
143-2) Qug2 | 27H2) BALD 407-2 

143°9° 200° 279 °S4EO 407% 2... wees 
me 2100 | 2765 | 3429 £0875 AVES | ot0'3 

; i \ 

tio O11) ooze | OE | 40025 175-2 | a41°2 
1450) VEE  2I79! 8434) 409-9 04759 | 5419 
1465 | 2125) 2785) B44 4105 ATES! 542-45 ' 
MP2. LZ) A792, BL ALD ATE? | 543-2 
M78) 2198! W798 BIF8 4118 47781 5438 
MSS 21d BkOd, B405 4125 | 478 | BEES! 
M92: Qlav  YSP2 B47 2° ASQ $72) S452) 
149R 1 QR WER BATS: 4138 ATIS . S458 | 
10-4 | 216-5 W825 SHS S ALS 80S) BEES. 
Loi-l | 217-1: 283-7 Stoel: ! 4151 : ASL-L | OAT 
1518 | QTR: W3-8) 349-8 | $198 | 13 547-8 | 
1525) QS VS 8h, 4G. A824 | 048°0 | 
1631! QOL: B41, Bald) alg, A831! 549-1 | 
L538) 2108) WHR BHES) ATR , A838 | 5498 | 
1544) 2204, WHOA, B44 ATA SES | 5504 | 
191 | WT B87 8681 Alo! 4801) 5517 | 
LHS | 228 | 287-5 | 343°8 | 419°8 | 489°8 551°8 | 
156-4} D224: WHEL, B44 | 4DO-4 | 486-4 | 552-4 
15771 | 29B-1 | 2891) Bao] | 4221 | 4871 | 5581 
1677 we 239-7 | 8o0°7 | 421-7 | 487-7 | 553-7 | 
sa 224-4 | 290-41 356: ay 4224 488-4) 554-4 
169-1 | 225-1! D9lt | 3 857-1 | 423-1 | 489-1 | 55571 
159°7 225-7 | 2017 | Boat | 4$23°7 1 489-7 | 5557 
160-4 226-4 | 292-4) 858-4} 4244) 490-4] 556-4 
161-0 | 227-0 | 293-0 | 359°0 | 4240 | 491-0 | 557-0 
161-7 | 227-7 | 203-7 | 369-7 | 425-7 | 491-7 | 57-7 
162°4 | 228-4) 294-4) 860-4 4964 | 402-4] 558-4 
1630 | 229-0} 295-0} 361-0 1 427-0 | 493-0 | 559-0 
163-7 | 290-7 | 206-71) 361-7 | 427-7 | 493-7 | 859-7 
1643 ; 2303 | 2963 | 262 3 | 428-3 | 494-3 | 560°3 
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594°0 
594°7 
095'3 
596°0 
596'6 
597°3 
598°0 
598°6 
599°3 
599°9 


600°6 
601'3 
G01°9 © 
602°6 | 
603° 2 | 
603°9 | 
604°6 : 
605-2 | 
605°9 | 
606°4 


' wwe g w~ 


608:0 
619-2 ! 
610°3 
GlI°2 
611°8 
612-0 
613°1 


613°8 
614-3 
61571 
615°8 
616-4 
617:1 
617°8 
6184 
6191 
6197 


620°4 
6211 
621°7 
622°4 
623°0 
623°7 
624-4 
625-0 
625°7 
626°3 


50 


55 


85 


TaRLE III.— To 


62-0 
62°7 
63-4 
64:0 
61:7 
65°3 





ae a rem eter 


nee 


fect. | feet. 
99-0 ; 165°0 
99°7 | 165°7 
100°3 | 166°3 
101°0 | 167-0 
101°6 | 167°6 
102-3 | 168:3 
103-0 ' 169°0 
103°6 | 169°6 
1043 , 170-3 
1049 170°9 
10.3°6 171:°6 
LQG = 172°3 
1069 172-9 
1076. 173°6 
18-2 1742 
1089. 1749 
100-6 17906 
110-2; 176-2 
110-9; 176-9 
111-5; 17 

1122 | 178-2 
112-9; 17s-9 
113-5 179°5 
114°2: 180-2 
1148 180°8 
L145. 181-6 
116°2) 182-2 
116°8 °° 182-8 
L173; 183-5 
118°] flee 
118-8 184°8 
119-5} 1855 
12071 | 186-1 
120°8 , 186:8 
121-4: i87-4 
12271; 188-1 
122°8 | 188-8 
123°4 | 189-4 
12471 ; 1907) 
124°7 | 190°7 
1254 1 191-4 
1261 192°) 
126-7 1927 
1274 193-4 
1280 194°0 
128'7 104°7 
129-4 195-4 
130°0 : 196-0 
130°7 | 196°7 
131°3 ; 197°3 


ae ade eet edn emeent 


A TREATISE 


convert Links into Feet (continued). 


3 
feet. 
231°0 
231°7 
232°3 
233°0 
233°6 
234°3 
235°'0 
233°6 
236°3 
236°9 


237°6 
238-3 | 
238-9 
239-6 
240-2 
240-9 
241°6 
ee We 
242-9 


244-2 
244-9 
245°5 
2462 
216°8 
247° 
248:2 
248°8 
219°5 
25071 


2508 
251°) 
2092°1 


262: 0 
262°7 
263°3 


CHAINS 
4 
feet. feet. | feet. feet. 
297 . 363-0 | 429-:0' 495-0 
297-7 | 363-7 | 4297 | 495°7 
2983 | 3643) 430°3| 496°3 
299-0 | 365°0 | 431-0! 497-0 | 
299°6, 365°6 | 431°6 407-6. 
300°3 | 3663 | 4323! 4983 | 
301°0 | 367-0 | 433-0) 499-0 
301-6 | 367°6 | 433-6. 499-6. 
3023 368°3 ; 434°3 | 500°3 . 
302°0 38689 , 434-9 5009: 
303-6! 369°6 | 433-6) 501-6 | 
304°3 | 370°3 ; 4363) 502-3 | 
304-9. 870°) 486-9: 502-9; 
305°6 ' 371-6 437-6 503-6. 
3062) 3722 488-2, 5082 
306-9 , B72)! 438-0 504-9 
8076 | 8TFG! 439-6, 405-6 
3082 S742 4402: 5062 
SOSU BTA AED G06 
3095 8755, Abb, 807-5 
310°2 | R752 | 412-2. 508-20 
S109. BTEU 442-0) 508-0. 
Bll! 877 | 443-5) GUD. 
S122) B7e2! 444-2] 610-2, 
8123) 8738! 4445. 5108 — 
3135 | 8794) 4455! S115> 
314-2 | BRO? | 44620 512-2. 
314-8 | S808) 44068) S128. 
$153] 8810 | 4475, 518-4, 
3161 B21) 448-1! Sl4-1 | 
‘ t 
316°8 282-8 | 448-8 | 5148 | 
ad O | | 119-5 | O15-d | 
318°8 nner 490°8 | HGR, 
3194 385-45 4bT4 OITA 
$201 | HbE1 4521 5184 
320-8 | 386-8 4528 4188 
321-4 | 287-4) 455-4 Sle 
g221 | BRBT! 4541 5207 
B22°7 | 3887 | 4587 | 420-7 
3234 389-41 456-4) 621-4 
3241 3901) 456-1: $227 
8247 300-7 | 446-7; 622-7 
3254 3914) 457 4) 523-4 
3260 8920 | 4480; 524-0 
326°7 | 8927) dae-7. B47 
327-4 | Aaa ae 
3280 304-0 460-0 , 626-0 | 
$287 304:7 | 460-7; 426-7 | 
329°3 3095'S) 461°3. 


b27°3 


8 9 
feet. fect. 
4610 627-0 
561-7 627°7 
§662°3 628°3 
563°0 629-0 
563'6 629°6 
564°3 630°3 
650 631-0 
0606 631-6 
566°3 632:°3 
566°9 632°9 
567'°6 633°6 
568°3 634'3 
oOS'9 634-9 
569:6 6383'°6 

' ATOZ 6386°2 
570-9 636°9 
ATLG. 637'6 | 
572-2! 638-2: 
672-9; G38, 
573-41 639-3! 
4742 | 640-2 | 
HV49, 6409 | 
ATM: GALS | 
aiG2: 642-2 | 
ne '8. 642°8 
OTT: 6438'S 
A782 644°2 
578°8 | 644-8 
aoe | 8445 
080°1 616°) 
i808 6 646°8 
v8) f 647'3 7 
582°) | 648°1 
582° | | 6188 | 
HhS4 | G4O-4 | 
Hed} 6001 
SRE} 650-8 
58.54) 6514 

652°1 
686-7 6527 
B74 
H8H ki 6541 
H88°7) 654-7 

C554 
590-0 | 636-0 | 
90°. 6467 
HD1:4 6574 
492-7 


ON LEVELLING, 101 


Taste [V.—To convert Feet into Linke. 


FEET. 


| WG nn en ee ee 


100 | 200 | 300 | 400 , 500 | 600 | 700 | 





800 | 900 


= 
oF 


Amdmnecadc 


links. ! 
606-1 
607°6 | 
609-1 
610-6 | 
612:1 
613-6 | 
463°6, 615-2 ' 
465°2. 616°7 | | 
315°2| 4667: 6182) 769-7 921-2 
187 4682 619-77) 771-2 922-7' 
166°7| 3182 469-7 621-2; 772-7, 924-9 
L68'2 | 319°7, 471-2, 622-7 | 774-2) 925-8: 

77 

7 


links. 
151° 
153-0 | 
154°5 | 
156°1 
157°6 
1591 | 
160°6 
1621 
163°6 
165:2 


links. 
454°) | 
456°1 | 
457°6 | 
459°1 | 
460°6. 
462°1 | 


links. 

303°0 
8045 | 
306:1 | 
307°6 | 
309-1 | 
310°6 | 
312°1° 
313-6 | 


links. 
1)7°6 
7ay1 
760°6 
762:1 
763°6 ° 
765°2 | 
166'7 | 
768-2 


links. 

909°1 
910°6 
912:1 
913°6 
915°2 
916°7 
918-2 
919°7 


links. 
1060°6 
1062-3 
1063°6 
1065°2 


links, 
1212-1 
1213°6 
1215°2 
1216-7 
1066-7 1218-2 
1068-°2: 1219°7 
; 1221°2 

{ 1222-7 
‘71 1224-2 


links. 
1363°6 
1365°2 
1366°7 
1368°2 
1369°7 
1371°2 
1372°7 
1374°2 
1375°'8 
1377°3 


SOVSM OEMS 


WOT Or & 6 tH me © 
L el 


( 1225°8 


15°2 
16°7 
18:2 
19°7 
21°2 
22:7 
24°2 
25°8 
27°3 
28°8 


1073 as | 

1077°3 
1078°8 : 
1080°3 : 
1081°8' 
1083°3 

1084°8 

1086°4 | 
1087-9 
- 1089-4 | 


122773 
1228-8 
1230°3 
1231°8 
1233-3 
1234-8 
12364 
1237°9 
1239-4 
1240-9 | 


1378°8 
1380°3 
1381°8 
1383°3 
1384-8 
1386°4 
1387-9 
1389°4 
1890°9 
1392°4 


169°7 | 321:2! 472:7' 624-2 | 927°3 
171-2! 322-7] 474-2 ' 625-3 7 928-8 
172-7, 324-2! 475-8; 627-3 | 930-3 
174:2! 325°8! 477:°3' 628°8' 780-3: 931-8! 
175°8 | 827-3, 4788; 630-3 / 781-8 9333 | 
177-3! 328-8! 480-3! 631-8! 783-3 934-8 
1788 330°3: 481°: 633:3, 784-8 ' 936-4 | 
180°3 331-8: 483°3. 6348 786-4 937-9 


30°3 
31°8 
33°3 
34°8 
36:4 
| 87-0 
39-4 
40°9 
42-4 
43°9 


181°8 
183° 3) 
184 8 
18G°4 
187-9 | 
189°4! 
191°9 
192:4! 
193-0 | 
1955 


333°'3 | 
334'8 | 
336°4 | 
337°9 
Jao 4 | 
340°9 ° 
342°4 | 
343°9 
3499 ' 
347°0 


484:8) 636-4; 787-9" 
486-4 637-95 7 
4$87°8 6394 | 
489-4 640-9" 
4909 642-4) 
4924: 643-9. 
4939 64555 — 
495°5 | 647 “Q) ; | 
4970, 648°5) 
498°5 650-0: 


939-4 | 
— 940-9! 
942-4 
' 943-9 | 
945°8 | 
947-0 


1242:4 | 
1243°9 | 
1245°5 
1247°0 
1248-5 
1250-0 
1253-0 
1204°5 
1256°1 


1090°9 ; 
1092-4 | 
| 1093-9 | 
1095°5 } 
1097°0' 
1098-5: 
1100-0 , 
1101-5; 
1104°5 


1393-9 
1395°5 
1397-0 
1398-5 
1400-0 
1401-5 
1403-0 
1404°5 
14061 
1407-6 | 


795°5 
797:'0 
798°3 | 
800-0 
801°5 | 





| 
1409'1 | 
1410°6 | 
1412°3 
1413°6 


GH1°d | 
Per 
eau 54-5 | 
504-5) 646-1 | 


i 197-0, 
470 1985: ! 
485 2000 
600 2015 


3485 | 
350-0 | 
351°5 | 
353-0 | 


803:°0 
804-5 | 
806:1 | 
807°6 


| 1106-1 
‘lL; 1107°6 

| 1109-1 
1110°6 


1257°6 
1259-1 
1260°6 
1262°1 


et Rann te eed ~ cee ee a ——_ 
ie 


61:5 
53°0 
54:5 
$6°1 
576 
59°1 


60°6 
62:1 
63°6 
65:2 
66:7 
68°2 
69°7 
712 


742 


203°0 
204°5 
206:1 
207°6 
209°1 
210°6 


212°1 
213°6 
215°2 
216°7 
2182 
219'°7 
221°2 
222°7 
224°2 
2258 


354°5 | 


356-1 
357°6 


| 


506-1 | 
507: 6 | 
509: < 


350'1| 5106 
360-6} 5121! 663-6 | 


3621 


363°6 
365-2 
366-7 
368°2 
360°7 
371°2 
372°7 
$74°2 
375'8 
$77'3 


513°6 : 


515-2! 
516-7 
518-2 
519°7 
621-2 
522-7 
524-2 
525°8 
527°3 
528°8 


657 ‘6 
659°) 
660-6 

662°] 


66.)°2 


666°7 
668-2 
669°7_ 
671°2 | 
672°7 | 
674°2 | 
675'8 
677°3 
678°8 
680°3 


809-1 
810°6 
812-1 
813°6 
815-2 
816-7 


818:2 | 
819-7 | 
821-2 | 
822-7 
824-2 
825°8 
827°3 
828-8 
$30°3 
831°8 


969°7 
971:2 
972-7 
974-2 
975'8 
977°3 
9788 
980°3 
981°8 
983°3 


1112-1 
1113°6 
1115-2 
1116-7 
1118-2 
1119-7 


1321-2 
1122°7 
1124-2 
11258 
1127°3 
1128°8 
1130°3 
1131°8 
1333°3 
1134°8 


1263-6 
1265°2 
1266°7 
1268°2 
1269-7 
1271-2 


1272: 

1274-2 
1275°8 
1277°3 
1278°8 
1280'3 
1281'8 
1283-3 
1284°8 
1286°4 


1415°2 
1416°7 
1418°2 
1419°7 
1421-2 
1422°7 | 


1424°2 
1425°8 
1427°3 
14288 
1430°3 
1431°8 
1433-3 
14348 
1436°4 
1437°9 


102 


| Feet.| 


a7 
78 
79 


at 


81, 
82 | 
$3 : 
84 | 
85 
86 
87 
88 
"89 


90 
91 
92 | 
93 
94 | 
95 
96 
97 
a 


A TREATISE ON LEVELLING. 


Taste [V.—To convert Feet into Links (continued). 


Oo | 100 


links. 
758 
77°83 
78°8 
80°3 
81:8 
83-3 
84:8 
86°4 
87°9 
89-4 


90-9 
92-4 | 
93-9 | 
95° | 


97-0| : 


98°) 
100-0 


101-5) : 


103-0) 
104°5 


106°1 
107 6 
| 109-1) 
110°6; 
112-1] 
113°6. 
115-2! 


1167 | 
/ 118-2) 
, 119-7. 


ees 
, 130°3 | 
:131°8 
| 133-3 | 
134-8, 


136°4! 
1379! 
139: 4 | 
140 9! 
"142-4 
143°9 


1 145°6 


| 
2 | 


147°0 
148°5 
150°0 


links. . 
227°3 { 
228°8 . 
230°3 | 
231°8 i 
233°3 | 
234°8 | 
236-4 
237°9 | 
239°4 
240°9 | 


242-4 


263°6 | 

265-2 | 
266-7 | 
268-2 | 
269-7 | 
271-2 | 


272°7 | 
274-2 
278° 
277°3 | 
; 278°8 | 
280°3 | 
281°8 | 
283-3 | 
284:°8 | 
286-4 : 


287°9 | 
289-4 | 
290-9 
292-4 | 
293-9 
29°56 
297°0 
208°5 
300-0 
801°5 


FEET. 


200 | 300 | 400 | 500 


links. 
378°8 
380°3 
381°8 
383:3 | 
384°8 
386°4 
387°9 
389'4 
390°9 
392°4 


393°9 
395°5 | 
397-0 


i 3980 
5: 400-0! 


401°5 | 
4013-0. 


| £043 | 
| £06-1 | 


407°6 


409°1 
410°6 
419-1 
413-6 


424-2 | 
425°H | 
42753 | 
$28°8 
431-8 
433-3 | 
436-4 | 
437°9 | 


439-4 | 
440-9, 
$42-4 | 
443-9: 
445°5) 
447-0" 
448°5 
450-0 
451°5 
453-0 


links, 
530°3 
ool'8 


534°8 
536°4 
537'9 
539°4 
540°9 
o42°4 
643°9 


j45°5 

47-0) 
548-5 | 
900°0 ! 
nolo | 
03'0 

Nod | 
000 °6 | 
aol. 


1606 | 
562°1; 
563°6 | 


760°? cs 


575'8 
788 | 
580°3 | 
5981°8 | 
383-3! 
584°8 | 
986'4 
487°9 
o8Y-4 


HOt g: 
692-4 | 
593°9 | 
YS rors : 
597-0: 
198-6 | 
600-0 | 
601° 
603-0 
604°5 


links. 
681°8 
683°3° 
684°8 
686-4 | 
687°9 : 
689°4 ! 
690°9 
692°4 
693°9 
69)°0 


697-0 | 
698° | 
TOO0 
701-8 | 
TO2-0 | 
704: | 
706°1 
7076 
709°] 
710°6 


mPa rsypezaqyersrsssi 


| On COM NO NO oe 
Gy we te me C6 OO SG SS te 
. 7 s > * . 


weer tan 


, 727'3 
' 728-8 


730°3 
731-8 
733-3, 
734: g | 
736-4 | 
737°9 | 
739°4 
740°9 


742-4 
7439 
7455 
7470 
7485 
TaUu'd 
rely es 
743-0 
764°5 
756°) 


links. 

833°3 
834°8 
836°4 
837°9 
839-4 
840-9 
842-4 
843-9 
845°5 
847-0 


8438 

851°5 
833-0 
8H4°4 
896°] 


859°] 
860°6 
862°1 


863°6 
860°. 
$66°7 
863-2 
869-7 
871-2! 
872°7 | 
! 

ba) 

| 


878'8 
880°3 
881-8 
883°3 
884°8 
886-4 
$87°9 
889-4 
890-9 
892-4 


893-9 
89-0 
897-0 
808-1) 
900-0 
BOL 
9038°0 
DO4-5 
90f-1 
9076 


soo | 700 | 


links, 

984°8 
986°4 
987°9 
989-4 
990°9 
992°4 
993°9 
99:3°5 
997°0 
998°5 


1000-0 
LOU] ‘eo 
1003-0 
1004°5 
1006°1 
1007°6 
1009-1 
1010°6 
1012°1 


101: 
1016 
10k 
10} 


~— 
Cc 
n 

Cre to wt OD OO SS 


102 


10515} 
1053°0 
1064-5 
1056°1 
1057°6 
1059°1 


links. | 
1136°4 
1137°9 
1139-4 
1140°9 
1142-4 
1143°9 | 
1145°8 | 
1147°0| 
1148-5! 
1150°0 | 
1151 “es 
1153°0 | 
1144°3 ; 


2 
1175°8 
1177°3 
1178°8 


1180-3 | 
} 


1181-8 ' 
1183°3 5 
1184°8 : 
1186-4 | 
| 1939-4 
1189-4} 


1187°9 


1190°9 | 
1192: 4 


1193-9 | 
| 11955) 


‘5! 1197-0! 


aliaendiont 


1200-0 | 


1203-0 
12045 
1206°1 
1207-6 
1209°} 
1210°6 


| 
| 
| 
| 


‘soo | 


links, — 
1287°9 | 
1289-4 
1290°9 
1292°4 
1293°9 


1303-0 
13045 
1306:1 
1307°6 
1309-1 
1310°6 | 
1312+ 
1313-6 
1315°2 
1316-7 


1318-2 


: | 18197 


1321-2 | 


' 1329-7 | 


1324-2. 
1325°8 
1327-3 | 
1328°8 
1830-3 
1331-8 | 


1333°3 
1334°8 
1336°4 
13379 


1340°9 
1342-4 
1343°9 
13435°6 
13847°0 


1348-5 
1350-0 
1461°5 
1353-0 
13545 
1306°1 
1367°6 
1359°1 
1360°6 
1362°1 


900 
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APPENDIX. 


In the former edition of this work there was an error 
in the Rule which appears, in the present edition, at 
page 65, the word “ tangent’ having been written for 
“sine.” A scientific friend, in noticing this mistake, 
has suggested a convenient method of arranging the 
figures of the calculation when the perpendicular and 
base of a right-angled triangle are both to be computed 
from the base-angle and hypothenuse. The directions 
are as follows :— 

‘Ist. Write down the log. of the ‘measured hypo- 
thenuse taken from the table of numbers. 

‘2nd. Over it place the log. sine of the measured 
angle from table of log. sines, &c., and draw a line 
above. 

“3rd. Under the log. of the hypothenuse write down 
the cosine of the angle, and then draw a line under it. 
Add the hypothenuse to the sine upwards, and it will give 
the length of the perpendicular sought in the table of 
numbers. Add the hypothenuse and cosine together 
downwards, and it will give the length of the base in the 
table of numbers. 

“ Note.—I reject 10 from the log. index in both 
sums, because radius 10 stood in the first term, as a 
divisor, in both proportions. 
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“ EXAMPLE. 


“ From A to ©, I found the angle to be 6° rising—and the length of 
the hypothenuse A C measured 1240 links. 


‘““ T state the calculation thus: 
2°112657 = log. 129,48, the perp. 


2nd, Sine of 6° 


Ist, Hypothenuse 1240 
3rd, Cosine of 6° 


9°019235 
3°0038422 
9-9907614 


ou ft 


3°091036 = log. 1233,%, the base. 


Answer: 
Perpendicular . . 129,%, links. 
Base . . . . . 1233; do. 
Hypothenuse. . . 1240 ~~ do.” 


We may add here, in reference to the precept in 
italics, at page 69, that the constant number 1°8195439 
is the logarithm of 66, the number of fect in a chain. 


ON SETTING OUT THE WIDTHS OF GROUND REQUIRED 


YOR THE WORKS OF A 


RAILWAY OR CANAL, 


DEPENDING UPON THE DEPTH OF CUTTING OR 
HEIGHT OF EMBANKMENT, 
AND THE TRANSVERSE SLOPE OF THE NATURAL SURFACE, 


BY 


FREDERICK WALTER SIMMS, F.G.S., M.LC.E. 


ON SETTING OUT THE WIDTHS OF GROUND REQUIRED 


FOR THE WORKS OF A 


RAILWAY OR CANAL, 


&e., &c. 


Pd Pate 


WHEN the natural surface of the ground, both longitu- 
dinally and transversely, is upon the same level as that 
of the intended works, the process of setting and staking 
out the widths is very simple. Let us take, for example 
the case of a railway, the base or bottom width of which 
when prepared for the reception of the ballasting anc 
permanent way, is to be 36 feet; the ratio of the in 
clination, or batter, of the slopes to the heights, bot] 
in the cuttings and the embankments, to be 2 to 1 
beyond which, or at the outward edge, a slip of land 14 
feet wide is to be taken on each side of the railway fo: 
the fences, &c. First, the centre line must be stakec 
out and carefully levelled: it is customary to drive ; 
stake, about 2 feet long and about 1} inch square, int 
the ground at each chain’s length, their tops to be upoi 
the fair level of the natural surface, thus affording goo 
stations for the levelling staves to be held upon; th 
relative level of each stake being then very accuratel: 
determined with respect to some given datum, the: 
become so many zero points for reference in the suk 
sequent operations. From each of the centre stake 
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WHEN the natural surface of the ground, both longitu- 
dinally and transversely, is upon the same level as that 
of the intended works, the process of setting and staking 
out the widths is very simple. Let us take, for example, 
the case of a railway, the base or bottom width of which, 
when prepared for the reception of the ballasting and 
permanent way, is to be 36 feet; the ratio of the in- 
clination, or batter, of the slopes to the heights, both 
in the cuttings and the embankments, to be 2 to 1; 
beyond which, or at the outward edge, a slip of land 12 
feet wide is to be taken on each side of the railway for 
the fences, &c. First, the centre line must be staked 
out and carefully levelled : it is customary to drive a 
stake, about 2 feet long and about 1} inch square, into 
the ground at each chain’s length, their tops to be upon 
the fair level of the natural surface, thus affording good 
stations for the levelling staves to be held upon; the 
relative level of each stake being then very accurately 
determined with respect to some given datum, they 
become so many zero points for reference in the sub- 
sequent operations. From each of the centre stakes 
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a line must be set out on both sides, and at right angles 
to the centre line, or at right angles to a tangent to the 
centre line at that point, if the centre line be curved: 
upon these transverse lines the required widths of land 
must be set out. Now, if the ground at any of the 
centre stakes is upon the same level as the intended 
base of the railway, nothing more will be required than 
to measure on each transverse line, and in both directions 
from the centre stake, one half the required width, which, 
in our supposed case, is 18 feet for the half width of the 
railway, and 12 feet for the fences; in all 30 feet on each 
side of the centre. But when, as it mostly happens, the 
ground is not on the proposed level of the railway, the 
operation is not quite so simple; and if in addition 
thereto the ground slopes sidewise or at right angles 
to the general direction of the line, the business is still 
more complicated, and requires some skill and care to 
do the work correctly. The method of doing this it 1s 
now our business to explain. 

The next most simple case to the above is when the 
cross section of the ground is horizontal, be the depth 
of cutting or height of embankment what it may. 


Centre Stake. 
D 
c 70 x By 40 K 1B >, 
sy 
‘ : 
2, j | & <o 

: ¥ 

———95——--—> 


This is shown in the above diagram, which represents 
& cross section of a 20 feet cutting, with slopes of two 
horizontal to one perpendicular. The horizontal line A B 
at right angles to the centre line represents the natural 
surface of the ground. Under these circumstances it 
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will readily be seen that the half width of the cutting, or: 
the distance from the centre to the edge of the slopes C 
and D, equals the half width of the base (18) added 
to the batter of the sloping sides (40), and including the 
12 feet for the fences, the total half width of land 
required for the purposes of such railway would be 
18 + 40+ 12= 70 feet, and consequently the whole 
required width to be appropriated and , 
fenced in for a 20 feet cutting or em- | 
bankment, when the ground Coes not 
slope sidewise, would be 140 feet. 

The next and more complicated, and 
also the most frequently occurring case, 
is, when the cross section of the natural 
surface is not horizontal, as shown in 
the annexed diagram, which also repre- a{ 
sents a cutting of 20 feet. 

Let the line AB represent a hofi- 
zontal line passing through the centre 
line C of the railway, which, if it coin- 
cided with the surface of the ground, 
would give AC and (B (each half 
width) 70 fect, as in the former ex- 
ample, the depth of cutting and the 
slopes being assumed the saine. 

Let the line E H represent the natural 
surface of the ground upon this trans- 
verse section; it will readily be per- 
ceived that the real half width C E (on \ 
the left of the diagram ) is much shorter \ 
than the horizontal or computed half 
width AC, because the ground-line is depressed on that 
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side of the centre; likewise the half width C H on the 
other side of the centre is greater than the said horizontal 
or computed half width, because the ground is there 
elevated above the horizontal line A B passing through 
the centre. To determine exactly the distances C E and 
CH in actual operations in the field, would be attended 
with some difficulty, and consume much time ; but the 
following method, at the same time that it gives a suffi- 
ciently correct approximation im practice, is also a very 
expeditious one: 

Let us suppose that the point I or distance CE be 
known, and that with a spirit-level we determine the dif- 
ference of level between the points C and EF, this differ- 
ence is represented by the line EF, which suppose to be 
one foot; now we have a small right-angled triangle 
AEF, of which i F is determined, being the difference 
of level (one foot), and the slope or ratio of A F to EF 
also given (2 to 1), therefore the side AF is known 
(2 feet), which, subtracted from the computed half 
width A C, leaves F C approximately equal to E C, the 
required half width, sufficiently exact for all practical 
purposes, where the cross section of the ground does 
not differ materially from a horizontal line. 

We have been supposing that the point E is known, 
whereas that point is the object of our search; in prac- 
tice, therefore, we proceed thus:—Take the computed 
half width, and if the ground is depressed, let a levelling 
staff be held somewhat nearer the point C than the said 
computed half width, for a first approximation to the 
point E; then determine the difference of level between 
this assumed point and the centre point C, multiply this 
difference of level by the ratio of the slopes ( which 
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doubles it when the slope is 2 to 1), and subtract the 
result from the computed half width, which gives a 
more correct approximation to the point E ; now hold 
the staff at this new point and find the difference of 
level as before, again multiply by the ratio of the 
slopes, and deduct the result from the computed half 
width, which second result will in most cases be suffi- 
ciently near the real half width for a depressed line for 
all practical purposes. 

ExamPLe.—Central height (or depth of cutting), 20 
feet, slopes 2 to 1, base 36 feet ; the computed half width 
was therefore 58 feet; the ground being depressed, we 
estimated that the point E might fall short of the com- 
puted half width 2 feet: we therefore directed a levelling 
staff to be held at 56 fect from the centre line (or stake) 
C, at which point another staff was held, and, by means 
of a spirit-level sct up at a convenient distance, we 
found the difference of level between these points to be 
0°87 foot, which multiplied by the ratio of the slopes (2 
to 1), gave 1:74 foot to be subtracted from the computed 
half width 58 feet, leaving 56°26 feet for a first approxi- 
mation to the half width C E (see last diagram). Now, 
upon removing the staff to this new point, the difference 
of level was again taken (or rather we should say that 
the staff was again read off, as the level had not been 
disturbed), and found to be 0°91 foot, which, also multi- 
plied by the ratio of the slopes (2 to 1), gave 1:82 foot 
to be subtracted from 58 feet, leaving 56°18 for the 
second approximation, and which was adopted as the 
correct half width for the depressed side of the centre; 
indeed, in such a case as is above given, where the 
ground is so nearly horizontal, the first approximation | 
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{taken by a person after a little practice) may be 
assumed as the correct result, for in the above example 
it differed but °08 from the second determination, and if 
it had been taken a third time it could not have been 
more accurate as far as practice is concerned ; this, how- 
ever, is not the case where the inclination or slope of the 
ground is considerable, for then (if this method be fol- 
lowed ) several approximations will be necessary to bring 
the result within admissible limits. 

When the ground is elevated above the horizontal 
line, as shown on the right hand of the diagram, the 
mode of procedure will somewhat differ: thus, instead of 
holding the staff and finding the difference of level at a 
less distance than the computed half width, it must be 
held at a greater distance to obtain the point H by ap- 
proximation; the difference of level between that point 
and the centre point C being equal to H I, which multi- 
plied by the ratio of the slopes, will give the distance 
B I to be added to the computed half width C B, to ob- 
tain the half width C H; this may likewise be repeated 
to obtain a more correct result, as described for the other 
or depressed side of the centre C. It will also here be 
obvious to a person possessing but the smallest share of 
mathematical knowledge, that this result is not strictly 
correct, inasmuch as the line C H can never be equal to 
CI, but for practical purposes it is, as before observed, 
sufficiently correct. It may not be altogether unneces- 
sary to observe, in this place, that the corrections B I, 
&¢c., a8 shown in the foregoing diagrams, are much ex- 
aggerated, being far greater in proportion to the com- 
puted half width C B, than ever occurs in ordinary 
practice, but this has been done to make our explana- 
tions more distinct than they otherwise would be. 
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The above particulars have been confined to the case 
of excavations; we must now show in what the process 
differs when the ground is to be covered with an 
embankment. .3 

By reversing page 108 we invert _ 
the diagram, which then represents 
an embankment. The rule for find- \ a 
ing the half width for an embank- 
ment where the transverse section of 
the ground is horizontal, remains the 
same as for the cuttings under like 
circumstances, as may be seen by an 
inspection of the inverted figure of 
the first diagram; but upon inverting 
the second diagram, it will at once 
be seen that some variation in the y. 
process is required. Thus: 

The horizontal line is represented 
by that marked AB; CD and CF 
are the computed half widths; CE the 
required half width on the depressed 
side, and C H the required half width 
on the elevated side, the line K L re- 
presenting the natural surface of the 
ground. In the case of an excava- 
tion, we have shown that the real 
half width is greater on the clerated 
side than the computed half width, 
and less on the depressed side; but it will be seen by the 
above diagram that for an embankment the real half 
width is less on the elevated side, and greater on the de- 
pressed side, than the computed half width; therefore, 

I 
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in determining the approximate place of the point E on 
the depressed side for an embankment, the staff mugt be 
held further from the centre than the computed half 
width; and for the point H, or the elevated side, it must 
be held nearer to the centre than the computed half. 
width; and finally, for computing the real half widths 
from the differences of level between the points E and 
the centre, and H and the centre; on the depressed side 
the difference of level multiplied by the ratio of the 
slopes is to be added to the computed half widths to ob- 
tain the point E, and to be subtracted from the computed 
half widths to obtain the point H. 

The process above described may appear to the reader 
a very tedious one; it perhaps is so to read; but a little 
practice will convince him that it is a very expeditious 
method, for in most cases one setting up of the level 
will answer for several stations, and the multiplication 
by the ratio of the slopes upon such small numbers as 
mostly occur is easily performed, especially if it be an 
even number, as 2 to 1. The columns of the field-book 
may be arranged as in the following example for making 
the calculations in the field, or may be abridged to suit 
a more convenient sized book for the pocket, at the 
pleasure of the surveyor; indeed, all that can be accom- 
plished now of this-kind is to give gencral rules, which 
can be altered and arranged to suit the convenience of 
the surveyor, a8 experience may point out a more suit- 
able mode of proceeding. The example is taken from 
an extensive field operation by the writer, and shows the 
work both for a cutting and an embankment; the change 
from one to the other, or the tailing out of the cutting, 
as it is called, being included therein. The slope of the 


115 


alculated at 14 to 1, and that of the embank- 


ment at 2 to 1. The width of the railway was 36 feet, 
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consequently half the said width was 18 feet. 
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The first column contains the number of the central 
stakes, reckoned from the commencement of the work, 
which are convenient for reference. 

The second column contains the depth of cutting or 
the height of embankment, as the case may be, at that 
point on the centre line. 

The third column, the computed half width from the 
centre line to the edge of the cutting, or foot of embank- 
ment, upon the supposition that the ground is horizontal 
at right angles to the centre line; this half width, as 
before explained (p. 109), is found by multiplying the 
central height by the ratio of the slopes, and adding to 
the product half the width at the base of the railway. 

The fourth, fifth, and sixth columns contain the read- 
ings from the levelling staves at the centre stake, and at 
the approximate points E and H (see last diagram). 

The seventh and eighth columns contain the differences 
of level between the centre stake and the above approx- 
imate points. These numbers are simply the differences 
of the quantities in the three preceding columns (except 
at stakes 286 and 290, which we will presently explain), 
and the signs + and — denote whether they are positive 
or negative quantities, as respects the centre and the 
approximate points E and H. 

The ninth and tenth columns contain the differences 
of level (contained in columns 7 and 8) multiplied by 
the ratio of the slopes, and must have the same signs 
4+ or — as the corresponding numbers in the preceding 
columns. | 

The last two columns contain the final half widths 
obtained by adding or subtracting, according to the 


mB) 


prefixed signs + or —, the numbers in the two pre- 
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ceding columns to the compited half width contained in 
column 3. 

After the explanations already given, the reader can 
find no difficulty in tracing the steps of the example, 
except perhaps with the stakes 286 and 290, where the 
difference of level on the north side is represented by 
two numbers bracketed together, one having the sign 
+, and the other —: for the stake 286 the real difference 
of level on the north side the centre is a rise of 1°50, 
that is, the approximate point H is 1°50 foot above the 
centre stake: but it happens that the height of the em- 
bankment itself at that point is to be but 1°43 foot 
(column 2); therefore the approximate point H is above 
the intended top of the embankment, and consequently 
will not represent the foot of an.embankment, but the 
edge of a cutting, and therefore the calculation for the 
half width on the north side must be treated as for a 
cutting whose depth is equal to the ‘height of the ap- 
proximate point H above the intended top of the embank- 
ment; or, in other words, the excess of the difference of 
level between the centre stake and the approximate 
point H, above the intended height of the embankment, 
is the quantity to be entered in the column (7 or 8) 
“ Difference of Level,” and to be computed as for a cutting 
instead of embankment. In the case of stake 286 this 
excess is 0°07, to which is prefixed the sign plus; this 
sum multiplied by the ratio of the slope being additive 
(for a cutting) on the elevated side of the centre, as 
before explained. 

For the stake 290, the north side of the line (column 
6) is 1-34 higher than the centre stake, and it, being 
embankment, would have the sign — prefixed (as shown 
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by the lower number, column 8): but the central height 
of the embankment at that point is but 1:22 (column 2); 
therefore, 1:34 — 1:22'= 0:12, which is the, depth of 
cutting on the elevated side, and when multiplied by 
the ratio of the slopes is to be added to the computed 
half width to obtain the correct result. When the sur- 
face of the ground is much inclined at right angles to 


2. the centre line, the numbers to be 
\ operated upon become proportion- 
) ally large. 
\ 3 


As it is a case of frequent oc- 
currence that one side will be a 
ooo cutting when the other is an em- 
bankment, we wish it to be well 
understvod, and therefore annex 
the accompanying diagram to il- 





: lustrate it 
Ee: The line F G represents the 
38 natural surface of the ground, A B 
the horizontal line at the centre 
stake, C D the intended height of 
the embankment, KL the width 
ae or base of the railway, 36 feet, part 


of which is an embankment and 
part a cutting ; the point E, or 
foot of the embankment, will be 
determined in the usual way, as 
r- ~*~ explained at page 113; but the 
point H, which is to be the edge 
of the cutting, must be found by 
subtracting D ( (the height of 
embankment) from H I (the dif- 
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ference of level); the remainder, H M (which is the excess 
of the difference of level between the centre stake and the 
approximate point H. above the intended height of embank- 
ment), multiplied into the ratio of the slope, must be 
added to the computed half width, or, in other words, 
treated as for a cutting, to obtain the said point H, as 
before stated. By reversing the diagram the correspond- 
ing case will become evident; namely, when the centre 
line is in cutting, and one side on embankment, while 
the other is in excavation; and the mode of proceeding 
will at once strike the reader after perusing what we 
have above written. 
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EXAMPLES Or THE MODES OF SETTING OUT 


RATLWAY CURVES. 


THERE are very few lines of railway so favourably situ- 
ated as to be free from curves of greater or less extent, 
and occurring more or less frequently in their course ; 
and consequently « knowledge of the method of correctly 
and readily laying down these curves upon the ground 
becomes a very necessary and important qualification in 
those engaged in setting out lines of railway. It has not 
therefore been considered out of place to append to a 
work treating on one of the most important branches of 
railway surveying, a description of the various methods 
which may be employed for this purpose. 

Previously, liowever, to proceeding to the more prac- 
tical part of the subject, it may be desirable to make a 
few observations upon railway curves in general. The 
curve which has been almost universally employed in 
laying down lines of railway, is the are of a circle, 
although it may be shown, that under certain circum- 
stances this curve is not theuretically that which should 
be employed, as affording the least danger from the cen- 
trifugal tendency of the carriages. It has been generally 
considered, that the true curve was one which commenced 
with an infinite radius, decreasing in a regular manner 
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in advancing on the curve, until the minimum radius of 
curvature required had been attained. This form of 
curve has, however, been deduced upon the assumption, 
that the whole of the centrifugal tendency of the car- 
riages is balanced by the superelevation of the outer 
rail, an assumption which is only correct on the suppo- 
sition of the wheels of the carriages being cylindrical, or 
no play being allowed between the flanges and the rails 
—conditions which are never fulfilled in practice. For 
it may be shown, that with conical wheels, and a certain 
amount of play, a portion of the centrifugal tendency 
will always be counteracted by the self-acting adjustment 
produced by the lateral deviation of the carriage on the 
rails, however small the radius of curvature may be; and 
that when the radius exceeds a certain limit, this adjust- 
ment is perfect, no superelevation of the outer rail being 
then required. 

It is obvious, therefore, that in curves whose radii are 
within this limit, the true form for the curve is one 
whose radius of curvature at its commencement should 
equal this limit, and should decrease in advancing upon 
the curve, according to such a law, that (assuming the 
rise in the outer rail to form a regular inclined plane) 
the unbalanced centrifugal tendency should at every part 
of the curve be exactly counteracted by the amount of 
the superelevation of the rail at that part; until the top 
of the incline being reached, the radius of curvature 
should then remain constant, being such that the centri- 
fugal tendency of the train should be exactly balanced 
by the combined effect of the lateral deviation of the 
carriages on the rails, and the superelevation of the 
outer rail. When, however, the radius of curvature ex- 
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ceeds this limit, it may be shown that the arc of a circle 
is preferable to any other form of curve, 

Now if we put d for the diameter of the wheels of the 
carriages, w for the width of the gauge of the line, and p 
for the lateral play allowed on each side, between the 
flanges of the wheels and the rails (all the dimensions 
being expressed in feet), and ;, being the ratio of inclina- 
tion of the tire of the wheel; then 

ndw 

4p 

will be the limit above referred to; that is, R will be the 
least radius of curvature which may be used without the 
necessity of raising the outer rail. And for any other 
smaller radius, putting v for the velocity of the train in 
miles per hour, and 7 for the radius of the curve in feet ; 
then 


ee er) ee 
ndr 
will be the superelevation of the outer rail in inches, 
which will be required for that radius, in order that the 
whole of the centrifugal tendency of the train may be 
destroyed. 

Although we have thus shown, that for all curves 
having a smaller radius than KR, it would not be correct, 
theoretically, to employ the arc of a circle, it is never- 
theless very questionable whether it would be advisable, 
2n practice (except under peculiar circumstances), to 
substitute the theoretical curve in its stead, inasmuch as 
the circular arc possesses the practical advantage of 
being laid down upon the ground with far greater faci- 
lity; and the only real objection which can be made to 
its use—namely, that of requiring a sudden and instanta- 
neous superelevation of the outer rail at the point where 


Il. 
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the curve commences—may in a great measure be re- 
moved by commencing to raise the rail before arriving at 
this point, and making the rise form a gradual inclined 
plane, whose summit shall be attained at the commence- 
ment of the curve. By the adoption of this plan, 
although the centrifugal tendency (as without it) com- 
mences suddenly, the counteracting force, produced by 
the superelevation of the outer rail, at the same instant 
attains its maximum, and the two forces therefore balance 
each other. Whereas, without it, the sudden commence- 
ment of the centrifugal force, being entirely unopposed, 
would at first tend to throw the carriaves off the line, 
until, by the gradual elevation of the outer rail, it had 
been entirely destroyed. 

Having thus far pursued the inquiry as to which form 
of curve it is most expedient to employ in practice in 
laying down a line of railway, and having shown that 
with hardly an exception the are of a circle is practically 
the best, we shall confine ourselves to describing a few 
of the most generally applicable methods by which the 
circular arc may be traced on the ground. 

The first method which we shall describe is that which 
has in practice been perhaps the most extensively used, 
although it possesses some objections, which we shall 
point out in the sequel. Let A Band C D (fig. 1, plate 
6) be the two straight portions of the line which it is 
desired to connect by a curve, B and ( being the two 
points at which the curve falls into the straight lines ; 
and let B 6,, 6, 5, b, b,, &e., be the distance which it is 
desired that the points to be found in the curve shall be 
apart : then measure upon the straight line A B pro- 
_ duced, the distance B a,, equal é, in formula IV. below, 


RAILWAY CURVES. 127 


and from the point a, set off, perpendicular to the same 
line, the distance a, J, equal to o, in formula IIL, 
which will give the first point required in the curve ; 
then range a straight line through the points B, b,, and 
upon this line lay off tbe distance 5,, a,, equal to 8, in 
formula VI., and from the point a, set off, perpendicular 
to the line B a,, the distance a, b,, equal to 9,, in formula 
V., and the point J, will be the second point in the 
curve; then in a similar manner range another line 
through the points 6, b,, upon which measure the dis- 
tance b, a;, equal to the distance 4, or b, a,, and from a, 
set off as before, perpendicular to the line 8, a;, the dis- 
tance a; b,, equal to 0,, which will determine the third 
point in the curve: and thus proceed until the whole 
extent of the curve has been set out. 

In order to obtain the values of 4,, 6,, 0,, and 0,, let r 
equal the radius and d equal the distance B &,, or b, b,, 
&c., which it is desired that the points found in the 
curve shall be apart (both expressed in feet): then 


o> =o... . . . . TE 
Mor =e, . 2. ww.) CUE. 
VI. 


As an example of the application of this. method, let 
the radius of the curve (7) be 15 chains or 990 feet, and 
the distance B 6, (d) one chain or 66 feet; then from 


formula III. 
66? a.: 


will be the first offset at a,; and 
/662—2°2? == 65°963 fect = 6, 
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will be the distance B a,, to be laid off upon the line 
A B produced to give the place for this offset. Again, 


66 x 65°963 __ 4.907 foot = a 


eemreptemnananntin epee. weeks So 


990 
will be the offset at a, a3, a, &c. ; and 
2°) — 65-85 fect = 3, 


will be the distance 0, a,, b, a;, &c., to be measured from 
the points b,, b., &c., in order to give the points a2, As, A, 
&c., frcem which the offsets 0, are to be taken. 

To this method there are, as has been already stated, 
some practical objections, inasmuch as any error which 
may be committed, in setting out only one of the points 
in the curve, will occasion a corresponding error in every 
succeeding one; and a very trifling inaccuracy in calcu- 
lating either the distance @,, or the length of the offset o,, 
from its being frequently repeated, may ultimately cause 
avery considerable deviation from the true curve. Both 
these objections, however, may be in a great measure 
removed by the adoption of the following method of 
checking the position of about every fifth point; or, 
which would be better, first determining the position of 
these points, and then filling in the intermediate ones; 
and as we consider this modification does away almost 
entirely with the above-mentioned sources of error, we 
shall give an example of its application. 

Let us suppose r and d, or the radius, and the distance 
the points B, ,, b,, &c., are apart (see figure 2, plate 6), 
to be the same as in the last example—viz., 990 feet and 
66 feet respectively, and let it be determined to check 
the position of every fourth point: then the values of Or, 
Gz, 0, and 02, will be the same as before; but previous to 
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setting out the points ,, 5, b,, &c., we must calculate 
the, distance BB, to be measured along the line AB 
produced, and the distance B, J, to be set off from the 
point B, to give the position of the fourth point (d,) in 
the curve, which may be done as follows: Let the 
distance B B, equal A,, and B, b, equal O,; and let D, 
be the length of the chord line connecting the two 
points B and b,, and 8 be the angle a, B b,; then 


0, rad ‘ 
x ‘a == sin /}, 
< 


and 
2rsin4 8 _ py 


Then, by substituting D,, O,,and A,, for d, 0,,and 4,, in 
the formula III., 1V., V., and VI., we shall obtain the 
values of O,, A,, O,, and A,, where A, is the distance 
6, B, to be measured upon the chord line B, J, produced, 
and Q, is the distance B, b, to be set off from B, in order 
to give the eighth point (4,) in the curve; for the values 
of r and d given above we shall obtain 


Log o, == O'342423 = log 2:2 

Log rad = 10:000000 
10°342423 

Log d == 1°819544 = log 66 

Log sin /3 = 8522879 


and B=1° 54’ 37” ..4 B=7° 38’ 28” ; then 


Log 2r == 3'296665 = log 1980 
Log sin4 8 = 9128745 

12°420410 
Log rad == ]0:000000 


== 2420410 = log 26327. 
K 
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Then from formula ITI. 
263272 sy, 


from formula IV. 
$52 == 960°92 feet = 
from formula V. 


263:27 x260°92 _ ag, on 
a = 64 = O95 


and from formula VI. 


990 _—— 2 53°90 — Le: 


These being obtained, the position of every fourth point, 
b,, b,, by, &c., should be first determined by the dimen- 
sions A,, O,, A,, and QO,; and then the intermediate 
points 5, b., b;, b;, b, &e., by 6, 01, %, and 0,, as first 
described. 

The second method which we shall describe may be 
advantageously employed when the radius of curvature 
is large and thé centre can be seen from every part of 
the curve. 

Let the lines (figure 3, plate6) A Band C Das before 
represent the two straight portions of the line required 
to be connected by a curve having a radius of 80 chains 
or 1 mile. First set up a theodolite at B and another at 
C (the two terminations of the straight portions of the 
line) and from each point range a line at right angles to 
the lines A B and C D respectively, and at the inter- 
section of these lines (E), which will be the centre of 
the curve, put up a signal sufficiently conspicuous to be 
seen from any point between Band C. Then produce 
the straight lines A B and C D until they intersect in 
the point F, and on these lines drive in stakes at equal 
distances, @, a, a;, &c., commencing from the points 
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B and C. If r equal the radius, and 3 equal the distance 
between the points @,, a,, a3, &c., both in feet, then 


~ fF = 0) 


will be the distance which must be set off from the first 
point a,, not perpendicular to the line BF, but in the 
direction a, E; in like manner 


will be the distance to be set off from the point @, in the 
direction a, EL; and generally 


will be the distance to be set off at the mth points from 
B and C. 

For example, let r be 5280 feet and 6 equal 100 feet: 
then 

AY S280? +100? —5280 = -94 feet = o, 

will be the distance a, 6,, which must bé set off from a, 
in the direction a, E to obtain the first point 6, in the 
curve; and proceeding in a similar manner with the 
others, the following Table will exhibit the distances to 
be set off at the respective points a, a), @;, &c.: 


Ata, or 100 feet from B, the offset will be ‘94 feet. 
200 3°79 


ag 9 29 

as 300 ‘5 " 8°52 
a, 400, é 1513 
Gs 500 - ie 23°62 
as 600 ” ” 33°98 
Gy 700 . 7 46°19 
as 800, : 60-26 
Ay 900 _ ns * 76°16 
a, 1000 ,, a‘ 93-86 
a, 110 4 4 113°36 
&ig 1200 99 ” 13465 
a, 1300 ,, ie 157-68 
Oy4 1400 Pr ” 182°45 


Gig. 1500 ” 39 20893 
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If the extent of the curve is such that the length of 
the offsets before reaching the point F, where the two 
tangent lines intersect, become inconveniently long, so 
as to occasion a loss of time in setting them off, it will 
be advisable to make use of another tangent line as shown 
at G I, fig. 4, plate 7; for determining the position of 
which line the following method may be made use of. 
Let 7, as before, be the radius, e the number of degrees 
contained by the angle BEC, and n the number of 
tangent lines (as BG, GH, HI, IC) intended to be 
employed; then 





will be equal to the length of any one of these tangent 
lines. As an example, let 7 be equal to 5280 feet, « 
equal to 60°, and m equal to 4, so that the quotient of « 
divided by x will be 15°: then the calculation for the 
length of cach of the lines BG, GH, &c., will be as 


follows :— 
Log + == 3°722634 


Log tan.- ~—— 428052 
: 7 
3°150686 = log 14148. 


Hence the length of cach of the lines BG, GH, &c., will 
be 1414°8 fect. 

Now, having’ ascertained this length, nothing more 
remains than to sct it off from B and C towards F, and 
then to range a line GI from the two points thus 
obtained, which will be the required tangent line: this 
line must then be bisected in the point H, which may 
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readily be done by ranging a line from F to E, which 
having been done, proceed as already described to set off 
the equal distances a), @,, a;, &c., from B and H towards 
G, and from H and C towards I; and then by setting off . 
the distances a,, b,, a, 6,, &c., contained in the Table 
already given, from the several points a,, a, &c., in 
directions radiating to the centre E, the course of the 
curve will be marked by the points b,, b,, 03, &c., thus 
obtained. 

One advantage possessed by the above method is, that, 
knowing exactly the direction in which to lay off the 
offsets (and that by the range of a comparatively distant 
object), the errors which have frequently arisen from 
their not having been set off perpendicularly, where the 
eye has been the only criterion, are entirely obviated; 
and this method is also entirely free from the objections 
made to the former method. 

When the centre point E cannot be seen from every 
part of the curve, so as to allow the offsets being laid off 
radially, the more usual method may be adopted of 
laying off the offsets perpendicularly to the tangent B F, 
but in this case a cross staff should always be employed 
to insure accuracy, and the distances to be set off from 
the points a), a, a3, &c., will be greater than those 
employed in the previous method, and must be calcu- 
lated from the formula 


instead of that given at page 131. 

The third method is most applicable where the radius 
of the curve is small as compared with its extent, and is 
deduced from the well-known theorem, that all angles 
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contained in the same segment of a circle are equal to 
one another.* The method is as follows:—Place a 
theodolite at B and another at C (figure 5, plate 7), the 
two terminations of the straight portions of the line, 
setting the telescope of the instrument at B on C, and 
that at C on F, the point of intersection of the lines A B 
and C D produced; then if the former be moved through 
an arc of any number of degrees, towards F', and the 
latter the same number of degrees towards B, the point 
a,, where the lines of collimation of the two telescopes 
intersect, will be a point in the curve; now Ict both 
theodolites be again moved the same number of degrees 
and in the same directions as before, and their axes 
produced, or lines of collimation, will again intersect at 
a,, another point in the curve; and in fact, to whatever 
extent the theodolites are moved, so long as the arc 
described is equal in both, the point of their intersection 
will always be in the required curve. Or more generally, 
suppose the two theodolites to be placed as first de- 
scribed, and then simultaneously to commence to revolve 
with the same uniform angular velocity, the point of 
intersection of their lines of collimation will describe the 
circular arc C, a,, a), a;, .... B; and in equal intervals 
of time, equal portions of the arc will be described, 
which will be half as great as the arc, which would have 
been described in the same time, by the same angular 
velocity, at the centre of the circle (EF); from which last- 
mentioned circumstance, we may readily calculate the 
magnitude of the angle through which the theodolites at 
B and C must be successively moved, in order that the 
points a), a,, a;, &., at which their axes intersect, may 


* Euclid, Book IIL. prop. 21. 
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be at the distance apart which it is desired that they 
shauld be. If r equal the radius of the curve, d the 
required distance, and 6 the angle a, BC; then 


@ ae = sin B e e ° e ° ry VII. 





As an example of the application of this method, let r 
equal 20 chains, or 1520 feet, and let it be required to 
determine points in the curve at distances of about 100 
feet; now, from the above formula we shall obtain 


Log d = 2000000 = log 100 
Log rad = 10000000 

12°000000 
Log2r = 3-421604 = log 2640 


Log sin 3 = 8578390 .. fs = 2°10 15”, 


As it would be inconvenient, however, in practice, to lay 
off so frequently as would be required, an angle with odd 
minutes and seconds, we may instead of the above take 
an angle of 2 degrees, which will make the distance d 
equal 92°13 feet. Having thus determined the angle, 
and placed the theodolites as previously described—viz., 
that at B in the direction BC, and that at C in the 
direction C F—the former must be moved 2° towards F, 
and the latter 2° towards B, and a stake driven down at 
their point of intersection «,; the former must then be 
moved 2° more towards F, and the latter 2° more 
towards B, and another stake put down at their point 
of intersection a, and so on until the theodolite at B is 
brought to the direction BF, and that at C to the 
direction C B, when the whole of the curve will have 
been staked out as required, the stakes being 92°13 feet 
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apart. This method, the same as the last, is not liable 
to the objections that the first method was, and, in 
addition possesses the very important practical ad- 
vantage, that its accuracy is entirely independent of any 
undulation or change of level in the surface of the 
ground, an advantage which is not possessed by any of 
the other methods which we nave described, the whole 
of which would require to have the distances and offsets 
corrected in proportion to the slope of the surface of the 
ground. Ina hilly country—and it is in such districts 
that curves most frequently occur—this circumstance 
will render the last-described method far superior to 
either of those which precede it. 

The next method which we shall give, is that de- 
scribed by Mr. Rankine, in a@ communication to the 
Institution of Civil Engineers, and depends on the 
theorem * that the angle subtended by any arc of a circle 
at the centre of a circle, is double the angle subtended 
by the same arc at any point in the circumference of the 
circle. The method of proceeding is as follows: first 
place a theodolite at B (figure 6, plate 7), the point 
where the curve commences; and then lay off from the 
line BF the angle B, calculated from formula VII. 
(supposing as before 7 to represent the radius of the 
curve and d the distance required between the points in 
the curve), and in the direction of the axis of the instru- 
ment set off the distance d, which will give the first 
point a, in the curve; in the same manner lay off from 
BF the angle 2 £, and from a, set off the same distance d, 
and the point where it cuts the axis of the instrument 
produced will be the second point a,; and generally by 


* Enclid, Book IIT., prop. 20. 
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laying off the angle 6, and setting off from the 
preceding point a,, the distance d, the point a, will be 
given. 

As an example of the application of this method, let 
r equal 19 chains, or 1254 feet, and d equal 100 feet; 
then from formula VII. we obtain 


Logd = 2°000000 = log 100 
Log rad = 10°000000 

12-G00000 
Log2r = 3°399328 = log 2505 
Log sing = 8600672 .. 6 2°17’ 6”; 


then having placed the theodolite at the point B, lay off 
this angle 2° 17’ 6” from the line B F, and upon the line 
B a, thus obtained set off 100 fect, which will give the 
first point in the curve a,; then with an angle of 
4° 34’ 12” or 2 6 set off another 100 fect from a,, which 
will give the second point a,, and thus proceed until the 
whole extent of the curve has been set out. 

Having now pointed out several methods of pro- 
cedure, in setting out the curved portions of a line of 
Railway, and having stated generally their relative ad- 
vantages and disadvantages, we must leave it to the 
person using them to determine, from the circumstances 
attending any particular instance, which of these methods 
it would be preferable to employ. It may perhaps be 
necessary to add, that in passing from a curve of greater 
to one of less radius, and vice versd, or in passing at 
once from a line curving in one direction to a line 
curving in the contrary direction, or a curve of contrary 
flexure, nothing more is requisite than to set off the 
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tangent line to the curve at the point where the altera- 
tion occurs, and then to work from that line as from the 
line A B in any of the methods given above. 

In conclusion, we would urge that too much care 
cannot be employed in the operations described above, 
much of the durability of the permanent way, freedom 
from jerks and uneasy motion, and also safety in tra- 
velling upon lines of Railway, depending upon the 
accuracy with which the rails are laid, the more espe- 
cially on the curved portions of the line. 
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PREFACE, 


Tus little volume has been prepared almost entirely with 
reference to the wants of young men who desire to qualify 
themselves for field service in an Engineer Corps. On that 
account the plainest language has been used to render the 
subject intelligible,—dispensing with mathematical brevity. 

The Table of Natural Sines and Tangents to single minutes, 
in a form sufficiently portable for field use, will supply a want 
which is frequently experienced, not only in the operation of 

Aaying out curves, but on many other occasions. 

One object in preparing it, was to furnish the profession 
with a Table that should be not only portable, but absolutely 
reliable. Those whose occupations compel them to resort to the 
Tables in common use, must have freqnently experienced the 
embarrassment which attends the inaccuracies to which they are 
all subject. So long asa Table is known to contain a single 
error, the position of which is not ascertained, its employment is 
attended with doubt in every instance in which we are obliged 
to refer to it. 

As Huttons Tables of Natural Sines and Tangents are 
those most in use among the profession, it will be desirable to 
those persons who pussess them, to be able to correct the 
following errors, which I detected in comparing them. 


In Hutton’s Tables, Fifth Edition, 1811. 
Sine of 6° 8’, for :1063425, read °1068425. 
Page 328, at top, for 25 Deg., read 40 Deg. 
Tangent of 44° 60’, for -1000000, read 1:000000. 
Tangent of 41° 60’, for 8994040, read -9004040. 
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In Dr. Gregory's corrected Edition (the 8th) of — 
Tables, 1838. 


Sine of 49° 14/, for -7576751, read °7573751. ° 


In Hassler’s Tables, 1830. 


Sine of 78° 24’, read -9795752. 
Sine of 66°19” ” 9157796. 
Sete Sea 
Sine oa 53° 4 - 7998352. 
Sine of 45° 3” ” 7077280. 


The discrepancies of 1 in the 7th decimal, are not considered 
as errors, as they are occasioned by a neglect of the value of 
the 8th decimal. For calculating curves, it is not necessary to 
use more than 4 decimals. 

It is scarcely necessary to remark that, beyond 44°, the 
Sines, Tangents, &c. are read upwards, from the bottom of 
the page, using the corresponding column of minutes. To 
find the sine of an angle exceeding 90°, subtract the angle 
from 180°, and take out the sine of the remainder—because 
the sine of an angle, and that of what it wants of 180°, are the 
same. 


J.C. T. 


THE FIELD PRACTICE 
OF 


LAYING OUT CIRCULAR CURVES 


FOR 


RAILROADS. 


ARTICLE I. 
PRINCIPLES OF LAYING OUT CURVES. 


METHOD I. 
To lay out a Curve by means of Tangential Angles. 


Ir from any point B, fig. 1, in a straight line A D, we lay off a 
number of equal angles, as DB s, ¢ Bf, Fig. 1. 
{Bu, uBv, &., and at the same time * x 
make the chords Bs, st, fu, «wr, &., 
equal to each other, then the points B, 
g,t, u,v, &c., will be situated in the cir- 
camference of a circle, which is tangen- 
tial to the line A D at the point B. 

The first of these angles, D Bs, is 
called the tangential angle, as being that 
by which the curve is connected with 
the tangent A D; but inasmuch as tho 
others are all equal to it, they also are 
called tangntial angles. 

If any obstacle, as k, should prevent our seeing from B farther than 
to v, the curve may be continued by removing the instrument to u, 
the point preceding v: thence sighting first on x, continue to lay 
off additional tangential angles v uw, ww2, &c., as before. Or else, 
moving the instrument to v itself instead of to #, sight back to u, and 
lay off first the exterior angle p v w, equal to double the tangential 
angle, and afterwards continue the tangential angles wv 2, 2vg, &., 
as before, to the end of the curve. 
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Finally, in order to pass from the end of the curve at g, on toa 
tangent g z, place the instrument at g, and sighting back to a, lay off 
the tangential angle z g 0; then og continued towards Z will be the 
required tangent. (See Art, IV.) 

For the tangential angles corresponding to different radii, and 
chords of 100 feet, see page 160. 


ARTICLE II. 
METHOD 2. 
To lay out a Curve by means of Deflection Angles. 


Fig. 2. First, having, as in method 1, laid off a tangential angle 
Big. 2. D Bs, and measured the chord B s, re- 
move the instrument to the end s of the 
chord, and make the exterior angle m st 
equal to twice the tangential angle, and 
measure the chord ¢¢; and soon at the 
other points tuwv, &c., making each of 
the exterior angles x tu, v uv, equal to 
twice the tangential angle, and all the 
chords equal ; then will the points B, a, 
t, u,v, &c., be in the circumference of a 
circle which is tangential to the lineA D 
at the point B, as by the first method. 

Bat if, at any of these points, as v, we 
wish to pass off to a tangent v L, employ at that point the tungential 
angle «v L, equal to half the deflection angle zv w. (Seo Art. IV.) 

These exterior angles, included between any chord and the exten- 
sion of the preceding chord, are called deflection angles, or angles of 
deflection, or angles of curvature. In any given circle, the angle of 
deflection is always precisely double the tangential angle, supposing 
the chords to be equal. At page 160, we give tables of the angles 
corresponding to circles of different radii, embracing the limits of 
railroad practice; and calculated for chords 100 feet in length, that 
being the usual length for a measuring chain on public works. 

N.B. The deflection anyle of any curve is equal to the angle tc u, 
or tcs, &c., at the centre of the circle, subtended by one of the equal 
chords tu ortés. This angle at the centre, so subtended, is called the 
centralangle. The tangential angle, being always half the deflection 
angle, is, of course, always half the central angle. 
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ARTICLE III. 
METHOD 3. 


; To lay out a Curve by Bye. 


The deflection angles, fig. 3, est, ft u, quv, huw, &., being double 
the tangential angle D B s, the arcs Fig. 3. 
edt, fru,gmv,hnw, &., are double - 
the arc Dc a, since the arcs of circles 
are proportionate to theangles which 
they subtend ; but the chords e t, fu, 
gv, hw, &c., are not double the chord 
D s, since the chords of arcs are not 
proportionate to the arcs or to the 
angles which they subtend. 

The chords eft, fu, gv, hw, &e., 
which subtend the deflection angles, SS 


are called deflection distances; and the ( i 
chord D s, which subtends the tan- ‘ne “a 


gential angle, is called the tangential distance. 

But although, in any given circle, the deflection distance is not 
truly twice the tangential distance, yet the difference is so trifling 
in large railroad curves, with chords of but 100 feet, that it may 
generally be neglected in curves of more than 300 feet radius. 

In our tables the precise length of both ‘vill be found for different 
radii, and for chords of 100 feet. 

Having these respective distances, we may frequently trace a curve 
on the ground by the eye only, with very tolerable accuracy, sufficient 
for guiding the excavations and embankments, especially on nearly 
level ground. Suppose, for instance, it be required to lay out in this 
manner a curve of 5/30 feet radius. 

First, find by the table, page 160, or by Art. XVI., the deflection 
distance e ¢ or f #, &c., corresponding to a radius of 5730 feet for a 
chord of 100 feet—viz., 1:745 foot ; and also the tangential distance 
D s, °873 of a foot. 

Then from the starting-point B, and in line with AB, measure BD, 
equal 100 feet, and put a pin at D. Also from B, measure the chord 
B s, equal 100 feet ; at the same time measuring with a graduated 
rod, from the pin D, the tangential distance D s, equal to 873 of a 
foot; and place a stake at s. The pin at D may then be removed. 

Next, make se equal to 100 feet, placing a pin at e, precisely in line — 
with s B; also from s measure s¢, equal 100 feet; at the same time 
measuring with the rod, from the pin e, the deflection distance e ft, 
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equal to 1:745 foot. Place a stake at ¢, and remove the pin ate, In 
this manner proceed to find other points as far as the end of the curve 
at v. " 

In order to pass the curve, as at v, to a tangent v L, ‘proceed as 
before, only using the tangential distance h n, instead of the deflec- 
tion distance hw. (See Art. IV.) 

This method is abundantly accurate for laying out curves on a 
canal or common road; and will occasionally answer very well, when 
carefully performed, for railroad curves, in the absence of an instru- 
ment, Thin straight rods, iron-pointed, and a plumb-line should be 
used for ranging the points in the latter case. 

The transit instrument is the best for tracing curves, and running 
lines generally. I prefer the graduations to run from the same zero, 
right and left, to 180° cach way. There should be two verniers, 
graduated to minutes; by their means half or even quarter minutes 
may generally be estimated with considerable certainty. The tele- 
scope, revolving in a vertical plane, greatly expedites the laying off 
of exterior angles, after having first sighted backward to the point 
behind. 

The verniers are sometimes graduated to hundredths of a degree; 
and this division is, in certain cases, the best; but for general purposes, 
the division into minutes is to be preferred, as all the printed tables 
of sines, tangents, &c., are calculated for that division. 


ARTICLE IV. 
On Sul-Chords. 

We have hitherto spoken of curves as if they were composed of 

Fig. 4. equal chords, each of 100 feet in length. It 
frequently happens, however, that at the end 
of a curve, as ate, fig. 4, we are obliged to use 
a shorter or sub-chord, de, in order to unite 
properly with the tangent e/f. 

In that case, and when using Method 1, Art. 
1, of laying out curves by means of tangential 
angles, we must in order to fix the point e, 
lay off a sub-tangential angle, d A ¢,as much 
Sad smaller than the cntirc tangential angle BAc, 
\ La I orc A d, &c., as the sub-chord d ¢ is smaller 

$o than an entire 100 feet chord, Ac, ed, &e. 

Thus, if the sub-chord be one-half, or one- 

fourth, &c., of the entire chord, the sub-tangential angle must be 
one-half, or one-fourth, &c., of the entire tangential angle. 
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This method is not mathematically exact, for the reason stated in 
Art, III. (viz., that the chords subtending different angles are not 
proportional to those angles) ; yet, for curves of 300 or more feet 
radius, and with chords not exceeding 100 feet in length, the error 
is not observable in practice. 

In lke manner, when we pass off from a sub-chord, as at e, to a 
second tangent, ef, we must place the instrument at-c, and lay off 
the same sub-tangential angle deg; or, which is better, take sight 
from e toc, and lay off the angle ce g, equal to the swn of a tan- 
gential and the sub-tangential angle. 

But when using Method 2, Art. IL., of deflection angles, or Method 3, 
Art. III, of deflection distances, we may calculate the sub-deflection 
angle ase, fig. 5, and sub-deflection distance ae, formed between a sub- 
chord se, and the extension s a, of an entire chord gs, with sufficient 
accuracy for curves of 300 or more fect radius, and chords of not more 
than 100 feet, thas : 

Rule,—Say, As an entire chord of 100 feet is to the sub-chord 
se, sois the deflection angle of the curve to a certain angle. Add 
these two angles together and divide their sum by 2, for the sub- 
deflection angle ase of the sub-chord. 


Ezxample.—The curve, fig. 5, has Fig. 5. 
a radius of 319°6 fect, and an angle i 
of deflection, fg s, of 18° for chords . = 


of 100 feet. The sub-chord se is 


205 feet in length: what is the sub- ‘g 
deflection angle as e; and also the 
sub-deflection distance ac, for the 

h 


sub-chord s ¢ P 
Chord. Sub-Chord. 
Here, as 100 is to 25, 





Def. An. of Certain 
100 feet chord. Angie. 
So is 18° to 4° 30", 


The sum of these two angles, 18° and 4° 30’ = 22° 80’, the half of 
which is 11° 15’, the required sub-deflection angle ase. 

Again, to find the sub-deflection distance ae of the sub-chord ¢e; 
take from the table of sines the natural sine of one-half the sub-de- 
flection angle asc, just found. Multiply this natural sine by 2, and 
multiply that product by the length of the sub-chord. 

Ezample.—The sub-deflection angle is 11° 15’; one half of it is 
5°.374', the tabular natural sine of which is 0979, which, multiplied 
by 2, gives "1958; this, multiplied by the sub-chord, 25 feet, gives 
4°895 feet, the required sub-deflection distance a e. e 

L 2 & 
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Finally, to find the sub-tangential distance sn, by means of which 
to pass from e to the tangent em, say, As 10000 is to the square of 
the sub-chord in feet, so is the tangential distance for 100 feet chord 
to en. In this instance, we have, As 10000 is to 625, so is 15-69 feet 
to ‘980 foot, or sn. 


ARTICLE V. 
Ordinates for Entire Chords. 


It would be both tedious, and liable to inaccuracy, to attempt to fix 
all the necessary points in railroad curves by the foregoing means, 
which are employed only for entire chords, or for such sub-chords as 
may be required at the ends of curves. 

The best method is to stretch a piece of twine, a b, fig. 6, 100 feet 

Fig. 6. long, between two sdjacent chord- 
stakes, and measure off asnearly as may 
be at right angles to it, with a gradua- 
ted rod, the previously calculated or- 

dinates, cd, ef, g h, &c., placing pegsat d, f, h, &c.* Our table of 
ordinates, page 162, is ealculated for distances apart, bc, ce, eg, &e., 
of 5 feet ; and for all curves likely to occur in practice. The 5 feet 
diane. on the twine should be marked by knots or otherwise ; and 
those at the centre, and half way between it and the ends, be further 
distinguished by tying on pieces of tape. 

The 5 feet distances are only used (after the excavations and em- 
bankments are finished) for placing pegs to guide the laying of the 
rails, and then only for very sudden curves ; for those of large radii, 
distances of 10 feet are sufficiently near, or even 25 feet for very easy 
curves. For guiding the curves of the cuttings and fillings, it is not 
necessary to place the stakes nearer than 50 feet apart; unless for 
those of less than about 1000 feet radius, when they may be placed 
25 feet apart. Ordinates for radii intermediate to those in the 
table, may either be calculated by the rules given further on, or they 
may be taken proportionally intermediate of the tabular ones, with 
sufficient accuracy for practice. 


Ordinates for Sub-Chorda. 

These may readily be calculated approximately enough for railroad 
practice, for curves of over 300 fect radius, and for chords not ex- 
cecding 100 feet, thus: In a circle of given radius, not less than 
about 300 feet, the ordinates of an entire 100 feet chord may be 


* On the tops of these stakes small tacks are driven, to define the procise point 
in the curre. 
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assumed to be to those of a sub-chord as the square of the chord is 
to the square of the sub-chord. 

In all our tables the chord is supposed to be 100 feet, the square 
of which is 10000; the rule therefore becomes, As 10000 feet ? square 
of sub-chord in feet :; Ord. of Chord : Ord. of Sub-Chord ap- 
prommately. 

Ezample.—In a curve of 5730 feet radius, the middle ordinate of 
a 100 feet chord is ‘218 of a foot; what will be the length of the 
middle ordinate of a sub-chord of 50 feet? Here, 


: ase dU, Vru, . auiu. Ord. Sub-Chord 
Bay 08 100 Rt ea or o0t of Chord. ° approximately. 


10000 : 2500 =: 218 ft. 0545 ft. 
And so of any other ordinate, always supposing the chord and sub- 
chord to be divided into the same number of parts. 


ARTICLE VI. 
Having given the angle abd, fig. 7, it is required to find the point a 
or d, at which to commence a curve of given radius. 
Rule.—Subtract half the angle a b d from 90°; the remainder 
will be the angle bcaorbcd. From the Fig. 7 
table of tangents take the natural tangent of 6 
bea, and multiply it by the given radius ; 
the product will be 6 a or bd. 
EKzample.—Let the angle abd be 1202, Yi 
how far from b must we begin, at a or d, to \ 
lay out a curve, and, of 2865 feet radius ? | 
Here, half of the angle a b d = 60°, which taken from 90° leaves 
the angle bc a = 30°. The natural tangent of 30° = ‘5773, which, 
multiplied by the radius of 2865 feet, gives 1653°96 feet for b a or 
bd. (See Art. XII.) 





ARTICLE VII. 


Having given the angle abd, fig. 7, and the distance from b to a or 
d, at one of which we wish to commence a curve, tf 18 required 
to find what radius, ca or cd, the curve must have, in order to 
unite with ba and bd tangentially at a and d. 


Rule.—Subtract the angle a Uc, which is half the angle a 6 d, 
from 90°; the remainder will be the angle bcaorbcd. Then as 
natnral sine of 6c a* is to natural sine of adc,fsoisadtoaec, 
the radius required. 

* The angle opposite the given side, a 6. 
¢ The angle opposite the required side, a c. 
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Evample.—Let the angle a bd be 120°, and the distance b a or bd 
1654 feet ; what will be the radius ac or cd of a circle that shall 
touch a and d tangentially ? 

Here, the angle a b c = half the angle a b d, is 60°, which, taken 
from 90°, leaves the angle b ca or bc d= 30°. Then, as the natural 
sine of b c a (80°) = °5000 is to natural sine of a b c 60°) = 
*8660, so is b a (1654 feet) to a c (2865 feet) the radius required. 


ARTICLE VIIL 


Having given the radius ac, fig. 7, of a curve, and the angle abd, 
it is required to find the number of chords of 100 feet that will 
constitute the curve. 

Rule.—Subtract the angle a bd from 180°, and divide the re- 
mainder by the angle of curvature, or deflection of the curve. The 
quotient will be the required number of chords. 

Ezample.—Let the angle a b d be 120°, and the radius ac 2865 
feet. 

Here, the angle a } d, 120°, subtracted from 180°, leaves a re- 
mainder of 60°; which, divided by 2°, the angle of deflection for a 
curve of 2865 feet, gives a quotient of 30; which is the required 
number of chords of 100 feet. 

N.B.—Had the quotient contained a fraction of a chord, it would 
have indicated that we should have had to employ a sub-chord at the 
end of the curve; for instance, had the number of chords been 304, a 
sub-chord of 50 feet (very approximately) would have been necessary. 


ARTICLE IX. 
How to proceed when the end of a curve does not correctly join the 
tangent. 
We sometimes find, in running ont a curve for the number of 
chords determined by the Rule in the preceding Article, that, 
instead of uniting as it should with the previously determined tan- 


Fig. 8. 
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gent d m, fig. 8, at 0, it ends tangentially to a line parallel to said 
tangent, either within it, as at c; or beyond it, as at 6. Being first 
certain that no error has occurred in tracing out the curve, ascertain 
with the compass the bearing of the tangent a d, and, removing the 
compass to the end of the curve at c or (as the case may be), run 
the line } o orc o, in the same course as ad, until it strikes the 
tangent dom; which may be ascertained by ranging two stakes 
placed on the tangent. 

Then measure b o or c o (as the case may be), and if the curve fall 
within the tangent o m, as atc, measure forwards from ¢ towards d 
the distance fa, equal to c 0; or if the curve fall beyond the tangent, 
as at b, measure backwards from s the distance s a, equal to bo. Then 
the curve retraced from a will terminate tangentially in dm at o. 

N.B.—The direction of c o or bo may be ascertained without a 
compass, and better, thus: Multiply the tangential angle of the curve 
by twice the number of chords run, less one; subtract the product 
from 180°, and sighting back one chord to  orr, lay off the angle nc b 
or rbv, equal to the remainder. For example, if the tangential angle 
be 10°, and from ¢ to c be 4 chords, then 7 times 10° taken from 180° 
leaves the angle 2c b orr b v = 110°. When the product exceeds 
180°, it must be subtracted from 360° for the angle ncb or x bw.* 

This case occurs whenever an error has been made in measuring 
the distance from d to a. If da be made too ghort, the curve s } is 
the result ; and if too long, the curve ¢ Ce 

If the error is small, it may be divided equally among the chords 
by measure without retracing the curve with an instrument. This 
method may be employed with perfect security so long as the error 
does not exceed 1 foot to every chord of 100 feet; and it will never 
be so great if modcrate caro be taken. 

Thus, if the curve be 20 chords long, and the error 20 feet, the last 
stake may be moved 20 feet, the next 19, the next 18, &c., as nearly 
at right angles to the curve as can be judged by the eye. 

The same ordinates that would have been used had the curve been 
correct will answer for the one so adjusted, without perceptible 
difference. For other cases, see Art. X. 


ARTICLE X. 


Again, it may happen that the crror is not caused by a mismeasure- 
ment of the distance a c, figs, 9 and 10, as in the last case; but by 
mistake in obtaining the angle a e /f. 

* In both cases the angle is measured outwardly from the curve; but when the 
curve falls beyond the tangent, as at 5, thon 4 vu must be continued inwardly, ag 6 o- 
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If ae f, fig. 9, be measured in excess, as a eg, then the curve abe, 


Fig. 9. 
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calculated for the incorrect angle ae g, will be found to fall beyond 
the true tangent e f, as atc; and the tangents e g and e f not being 
parallel, the curve cannot be adjusted by cither of the methods given 
in the preceding Article, unless the error be within about 1 foot to 
each 100 feet length of curve; in which case (supposing no other 
error to exist), either of those methods may be employed with 
sufficient accuracy for practice. 

Also, if ae f, fig. 1,0, be measured too small,as a eg, then the curve 
abc, calculated for the ihcorrect angle ae y, will be found to fall 
within the true tangent e f, as atc; when so, the remarks contained 
in the preceding sentence are cqually applicable here. If the error 
be within 1 foot to 100 feet length of curve, it may be equally divided 
among the chords. But if greater, we must cither remeasure the 
angle a e f correctly, and go over the whole work again, or resort to 
some other mode of obviating the difficulty. The angle a e f may be 
difficult of access; or the curve may be so long that to retrace it 
would be a work of much labour. We may then adopt the method 
of compound curves (see Art. XIII.), by which much trouble will be 
avoided, and a considerable portion of the first part of the curve 
be allowed to remain as it is. 

Thus, whether the curve alc fall beyond the trne tangent e f, as 
in fig. 9, or inside of it, as in fig. 10, place the instrument at }, figs. 9 
and 10 (the point at which the change of radius is to take place), and 
sighting back one chord to n, lay off the tangential angle n b m of the 
curve abc, and observe where the tangent mb continued strikes e f, 
asato. Measure both bo, and the angle bof. Half the angleb of 

from 90° gives the angle 640; then say, 
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4Nible WLU UL TUB IO bho op- is to Nat. ‘te th bask ‘red 
| posite the given side 4 o{* a i deBRo 


So is The given side 0, to The required side or new radius 5 h. 

Ascertain from the table, or by calculation, the angle of deflection 
and the tangential angle corresponding to this new radius b h; and 
the new curve commencing at J will terminate tangentially to ¢ f at 
2, a8 far from o as o is from Bb. 

For the mode of uniting two curves of different radii, so as to form 
a compound curve, see Art. XIII. 

It will be observed, that when the first curve a bc, fig. 10, falls 
maide the tangent e f, the new curve must be of greater radius; and 
when beyond, fig. 9, of a less one. 


ARTICLE XI. 


Having given the angles abc and bed, fig. 11, and the distance b c, 
wt ws required to find the greatest radius gi or bh i, that can be 
employed in @ REVERSE curve (see Art. XIV.), foinm, for 
uniting ab toed. 

Rule.—Half the angle abc taken from 90° leaves the angle b 97; 
and half the angle bcd taken from Fig. 11. 
90° leaves the angle thc. ; | 

From the table of tangents take eke oa 
the natural tangent (0 7) of the angle o Sa 
bgt; and that (ic) of the angle 
the; and add them together. \ 

Then as the sum of these two 
natural tangents is to the natural tangent of bg i, so ish c to b2; 
and } i taken from J c gives ic. 

Again, in the triangle b g ’, as the natural sine of the angle b g 1, 
opposite the given side b 7, just found, is to the natural sine of the 
angle g b i, opposite the required side g?, so is } 7, the given side, 
to g i, the required side or radius. 

Ezample.— Let the angle a b c be 71° 40’, the angle 6c d 129° Lo’, 
and the distance 5c 950 feet. What is the length of radius hz or 92, 
of the easiest reverse curve that can be traced for uniting ab to cd? 

Here, half the angle a bc (35° 50’) taken from 90° leaves the angle 
$91 54° 10’; and half the angle bc d (64° 37}’) taken from 90° 
leaves the angle ih c = 25° 224’. 

From the table of tangents, we have natural tangent of bgt 
(54° 10’) = 1'3848 ; and natural tangent of thc (25° 224’) = “4743 
their sum being 1°8591. 
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Then as 
Tang. of . 
Sam of Tangts. | . g.of) be bi. 
18591 18 to tea 80 is 950 feot to 707-63 feet, 


and bi 707°68 feet, taken from bc 950 fect, leaves 1 c 242°37 feet. 
Again, as the 


Nat. Sine of Nat. Sine of bt ) g or A i, tho 
angle 6g7 } is to { angle g bz} so is 707°63 | to 4 required radius, 
“8107 5854, foot | 510°97 fect. 


ARTICLE XII. 
To obtain the angle Abe, formed by two tangents, d b and be, when 
the point bis inaccessible, Figs. 12, 13, 14, and 15. 

This is of frequent occurrence. 

Cast 1. When the included figure, fig. 12, has but tArce sides. 

Rule.—Subtract the angle a i e from 180° for the angle bde; and 
subtract the angle dec from 18u° for the angle deb. Add together 
bdeand de b, and subtract their sum from 180° for the angle db e. 
Or, more briefly, subtract 180° from the sum of ad ¢ and dec. 

Fig. 12. Fig. 13. Fig. 14. Fig. 15. 

t 





Case 2. When the included figure d be f (13, 14) has four sides. 

Rule.—Subtract the sum of the three internal angles of the figare 
marked by dotted segments of circle, from 360° for the angle d be. 

Case 3. When the included figure, fig. 15, kas more than four sides. 

Rule.—Add together all the infernal angles, marked by dotted 
segments of circles; and subtract their sum from twice as many right 
angles as the figure has sides, less four, for the angle d be. 

Ezample.—Let the angles denoted by the dotted segments at the 
different letters be as follows: That at d, 70°; at 0, 220°; at 2, 150°; 
at s, 110°; atc, 160°; ate, 100°. The sum of these is 810°. Tho 
figure has 7 sides; and twice 7 less 4= 10; and 10 right angles = 
900°; from which the sum of the designated internal angles (810°) 
being subtracted, leaves 90° for the anglo d be. 

N.B.—When the angle db ¢ has to be deduced from a figure of 
many sides, as fig. 15, the errors spoken of in Articles IX. and X. are 
apt to occur, unless the several sides and tho angles o 7 s, &., be 
measured with much care. For tracing curves with any accuracy and 
satisfaction, the instrument should be divided at least into minutes ; 
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as before remarked, the transit intruament is the best for the purpose. 
With moderate care in the preparatory measurement of the sides and 
angles, errors will seldom occur that may not be adjusted with all the 
accuracy required in practice, by the very simple method of dividing 
them equally among the chords, as explained in Articles IX. and X. 


ARTICLE XITT. 


To pass from one curve, a m b, fiy. 16, to another, b nc, of different 
radius, but running in the sume direction, constituting a COM- 
POUND curve. 


Rule.—Placing the instrument at h, sight back to the other end of 
the 100 feet chord at a; and lay off the ) 
tangential angle u b dof the curve a m b; 
then from the common tangent db e lay d ah 
off the tangential angle ve bc of the curve 
b 2x ¢, making at the same time the chord 
b c, equal to 100 fect. : 


N.B.—If running the curve by eye, use the tangential distances 
instead of the angles. 


Fig. 16. 


ARTICLE XIV. 


To pass from one curve, mn t, fig. 17, tou another, tio, of either the 
same or of a different radius, but runging in an opposite direction, 
constituting @ REVERSE curve, 

Rule.—Placing the instrument at ¢, sight back to the other end of 
the 100 feet chord at mm, and lay off the Fig. 17. 
tangential angle m ¢ r of the curve m x ¢; 
then from the common tangent 7 ¢ s lay off 
the tangential angle s ¢ « of the curve 
tio, making at the same time the chord a 
to, equal to 100 feet. 

N.B.—If running the curve by eye, use the tangential distances 
instead of the angles. 


we 


ARTICLE XV. 
RADII. 


To find the radius corresponding to any given angle of deflection, and 
to equal chords of any given length. 

Rule 1.—Subtract the angle of deflection from 180°, then say, As 

natural sine of angle of deflection is to natural sine of half the 


remainder, so is the given chord to the radius required. 7 
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Ezample.—Let the angle of deflection be 2°, and the chord 100 
feet ; required the radius. 

Here, 2° subtracted from 180° leaves 178°, the half of which is 
89°; and as 


Nat. Sine of 2°. . Nat Sine of 89° .. Chord . Radius 
*034899 ° ‘999848 ** 100 feet ° 2866 feet. 


Rule 2.—The radius for 100 feet chords may be found approzi- 
mately, by dividing 5730 by the deflection angle. This rule is very 
close for radii of not less than 500 feet. For 500 feet it gives eight- 
tenths of a foot too little, but is more approximate for larger radu. 

Ezample.—What is the radius to a deflection angle of 2°, the 
chords being 100 feet Jong ? 

Here, 5730 divided by 2 gives 2865 feet, the radius vaniaal 


ARTICLE XVI. 
TANGENTIAL AND DEFLECTION ANGLES. 


To find either the Tangential or Deflection Angle corresponding to any 
given radius, and to equal chords of any given length. 


Rule 1.—Divide half the chord by the radius; the quotient will be 
the natural sine of the tangential angle. Therefore the angle corre- 
sponding to this sine, in the Table of Natural Sines, will be the tan- 
gential angle required ; and the tangential angle multiplied by 2 will 
give the deflection angle. 

Ezample.—Let the radius be 2865 feet, and the chord 100 feet ; 
what will be the tangential and deflection angles ? 

Here, half the chord (50 feet), divided by the radius (2865 feet), 
gives ‘01745; and the tangential angle in the Table corresponding 
to the natural sine 01745 is 1°, twice which is 2°, the deflection 
angle required. 

Rule 2,—The deflection angle for 100 feet chords may be found 
approximately by dividing 5730 by the radius. This is very close 
for curves of over 500 feet radius. For 500 feet it gives about one 
minute too little. 

Ezample.—What is the deflection angle for a radius of 2865 feet, 
the chords being 100 each ? 

Here, 5730 divided by the radius 2865 gives 2°, the deflection 
angle required. 
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. ARTICLE XVII. 
, DEFLECTION DISTANCES, 


To find the Deflection Distance (exactly) for any given radius, when 
the chords are 100 feet long. 


Rule.—Divide the constant number 10000 by the radius in feet; 
the quotient will be the deflection angle required.” 

Ezample.—What is the deflection distance to a radius of 5730 
feet, the chords being 100 feet long ? 

Here, 10000 divided by 5730 radius gives 1°745 foot, the deflec- 
tion distance required. 


To find the Deflection Distunce for any given radius, and for equal 
chords of any given length. 


Rule.—Divide half the given chord by radius, the quotient will 
be the natural sine of one-half the deflection angle; and double this 
natural sine, multiplied by the chord, will give the deflection dis- 
tance required. By this rule our Table was prepared. 

Ezample.—As before, what 1s the deflection distance to a radius 
of 5730 feet, the chords being 100 feet long ? 

Here, half the chord (50 feet), divided by radias (5730 feet), gives 
008727, which is the natural sine of half the deficction angle. Now 
008727, multiplied by 2, gives 017454, which, multiplied by the 
chord (100 feet), gives 1:745 foot, the required deflection distance, 
the same as in the preceding cxample. 


ARTICLE XVIIL 
TANGENTIAL DISTANCES. 


To find the Tungential Distance corresponding to any given radius, 
and to equal chords af any given length. 


Rule.—First find the tangential angle by Art. XVI., and take from 
the Table of Natural Sines that corresponding to one-half of the 
tangential angle. Then multiply double this sine by the given chord 
for the tangential distance. By this rule our Table was prepared. 


* Because tho deflection distance to a radius of 1000U feet, with chords of 100 
feet, is 1 foot; aud the deflection distances fur other radii increase taversely as 


the radii. 
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Ezample.—Let the radius be 2865 feet, and the chords 100 feet 
each; what will be the tangential distance P 

Here we find, by Art. XVI., the tangential angle 1° for a radius of 
2865 feet. 

The natural sine corresponding to 30 minutes, or one-half of this 
tangential angle, is, by the Table of Sines, 008727; the double of 
which is (017454, which, multiplied by the chord, or 100 feet, gives 


1-745 foot for the tangential distance required. 
ARTICLE XIX. 


ORDINATES., 
To find the Middle Ordinate to any given radius, and to any given 
chord. 
Rule 1.—From the square of the radius subtract the square of 
Vig. 18. half the chord ; and take the square root of 
a the remainder from the radius, for the middle 


os ae 


ge. ie ae ordinate. 

Y———~—f 4-4 Example. — What is the length of the 
| J middle ordinate d e, fig, 18, the radius c a 
being 819 feet, and the chord a b 100 feet ? 
¢ Here, the square of c a (819) is 670761, 

and the square of «ac (50) is 2500; which, being subtracted from 

the former, leaves 668261 » the square root of which is e c, 817°472; 
which, taken from the radius 819, leaves 1528 foot, the required 

middle ordinate, d e. 

Rule 2.—Subtract the tabular cosine of the tangential angle from 
1, and multiply the remainder by the radius. 

Example.—Same as foregoing; namely, radius 819 feet, angle of 
deflection 7°, to chords of 100 feet. What will be the length of the 
middle ordinate ? 

Here, tabular cosine of 34° (the tangential angle) is ‘998135; 
which, subtracted from 1, leaves ‘001865 ; which, multiplied by 819, 
the radius, gives 1°527, the middle ordinate required. 


ARTICLE XxX. 
Having given the Middle Ordinate de, fig. 18, it is required to find 


any other one, agin. 

Rule 1.—Subtract the middle ordinate d ¢ from the radius d e, 
the remainder will be ec: then from the square of the radius ct 
subtract the square of the distance o t, which the required ordinate 
jis from the middle ordinate de, and extract the square root of 
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the remainder. This square root will be o c. From this square 
root o ¢ subtract ec; the remainder will be o e, which is equal to 
tn, the required ordinate. 

Example.—The middle ordinate d e, of a 100 feet chord b a, to a 
radius of 819, being 1°528 foot, it is required to find the length of 
the ordinate z n, 20 fect from the middle one. 

Here, the middle ordinate d e, 1:528, subtracted from the radius 
819, leaves e c, 817°472. The square of the radius is 670761; and 
the square of 20 (the distance of the required ordinate from the 
middle one) is 400 ; which, taken from 670761, lcaves 670361 ; the 
square root of which is 818°756, or 0 c; from which take e ¢, or 
817°472, and the remainder, 1°284, will be o ec, which is equal to 7 7, 
the required ordinate. 

Rule 2.—Multiply the ordinates of a 1° curve by the deflection 
angle of the curve whose ordinates are required (chords being 100 
feet). This is a sufficiently close approximation for curves of not 
less than 500 feet radius; and for placing ordinates for guiding the 
excavations and embankments, it is close enough for the smallest 
curves in our Table. 
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I.—Tasrix oF Rani, &c.—Chord 100 feet. 
The Tangential Angle is always one-half of the Angle of Deftection. 






Defiection | Tangential | Deflection ] Tangentia. 








i i Radius distance distance 

Ronannell hago cee ree | Ea etell in feet. in feet. in feet. 

SE | ES | AY AS F AL NS 

{ | 343800] -029 014 |} ° 5i 6741 | 1°482 FAl 

2 | 171900 “058 029 52 6611 1-511 755 

3 | 114600 -087 043 53 6487 1540 770 

4 85950 -116 058 ;  o 6367 1°569 784 

5 68760 “145 072 |} 55 6251 1598 ‘799 

6 57300 “174 087 | 56 6139 1627 $13 

7 49116 -203 101 | 87 6032 1656 828 

g | 42975] -232 116 || 58 | 5928 1°685 842 

9 38200 -262 131 |} 59 5827 1715 B57 

10 | 34380| -291 | -145 || 1 0 | 5730 | 2-745 | -872 

ll 31256 320 160 | 2 5545 1°02 901 

12 28650 -349 174 | 4 5372 1-860 -930 

13 26446 -378 189 {! 6 5209 1-918 959 

14 24558 -407 203 8 5056 1:976 -988 

15 22920 -436 218 10 4912 2-036 | 1-018 

16 21487 “465 “232 12 4775 2-094 1-047 

17 20224 -494 247 14 4646 2-152 | 1-076 

| 18 19100 523 261 16 4524 2210 | 1-103 

19 18094 B52 | = +276 18 44038 2:268 1-134 

20 17190 581 240 20) 4298 2°326 1-163 

21, 16372 -610 -305 2 4193 2384 | 1-192 

22 | 15628 -639 “319 240 4093 2443 | 1-221 

23 | 14948 | 668 | “334 ff 26 | Buyd | 2501 | 1-250 

24 | 14325 697 B48 f 2k | 3907 2539 1-279 

25 | 13752 727 363 | 30 | 3420 2-617 | 1-308 

26 | 13223 | -756 | *-378 a2} 3737 | 2676 | 1-338 

27° | 32733 “Td9 } SU? | 3400) 3607 2734 1-367 

28 | 12279] -Bi4 407 36 fj Sol | 2793 | 1-396 

29 | 11856 $43 “42h H 3R 3508 285) 1425 

30 | 11460 872 “436 40 3138 2-908 | 1-454 

31 11090 | 900; 490 |, 2 3370 2967 | 1-483 

32 10744 ‘930 | 463 | 44 3306 | 3-025 | 1-512 

33 | 10419 | “959 | “479 | 460 | 3243 | 3-083 | 154 

34 10112 -Ox4 494 | 48 SIRS 3-141 1-570 

35 9x23 | 1-017 “30H 40 | 3126 3:199 | 1-599 

36 9550 | 1-046 O25 | o2 | 3069 3258 1-649 

37 g292 1 1-075 O37 ff Od 3016 3316 { 1-638 

38 9047 1-104 Oa2 |, 56 2004 Be 1-687 

39 8415 | 1133 “66 | 58 2014 | 3432 | L716 

40 $595 } 1-162 S8L | 2 0 2805 | 3-490 } 1-745 

4} 8385 1-191 “09% . 2 2x18 3-548 1:774 

42 8186; 1-221 ‘610 | 4 | 2772 | 3-606 | 1-803 

43 7993 | 1-250 | 625 |! 6 2729 | 3-665 | 1-832 

44 ghi4| 1-279 | +639 } 8 26R6 3°72 1-86) 

45 7640 | 1-508 654 4 10 2644 37H) . 1-890 

| 46 7474 0 1°357 "G68, 12 2001 3-839 | 1-919 

47 7315 | 1-366 6x3 14 2566 397 | 1-948 

48 7162 | 1:393 697 16 2528 3°956 | 1-978 

| 49 F0IG | 1-424 vas 18 2191 4014 | 2-007 

1 §0 6876 | 1-453 726 | 20 2456 4:072 | 2036 
= 








FOR RAILROADS. 161 
1.—Tasre or Ravi, &&.—continued. 


Ss, uh Deflection |Tangential Defleetion |Tangential 
Prete Radius | distance | distance |} Angle of | Radius | distance | distance 
ion.| in feet. in feet. in feet. || Deflection.| in feet. in feet. in feet. 





222 | 2421 | 4130 | 2065 | 415 | 1348 7416 | 3-708 


24 2387 4°188 2°094 20 | 1322 7'563 3781 
26 2355 4°246 2°123 25 | 1298 7°708 3°854 
28 2323 4°305 2°152 30 | 1274 7°853 3°927 
30 2292 4°363 2°182 $5 | 125) 7°998 3°999 
32 2262 4°42] 2210 40 | 1228 8°143 4:071 
34 2232 4°479 2°239 45 | 1207 8°289 4°145 
36 2204 4°538 2°269 90 | 1185 8°432 4:216 
38 2176 4°596 2°298 55 | 1166 8577 4°288 
40 2149 4°653 2-326 5 0 | 1146 8°722 4°361 
42 2122 4°712 2°356 9 | 1327 8°869 4:434 
44 2096 4°770 2°385 10 | 1109 9°014 4:507 
46 2071 4°828 2-414 15 | 1092 9°159 4°579 
48 2046 4°886 2:443 20 | 1074 9°304 4°652 
50 2023 4°944 2-472 25 | 1058 9°449 4°724 
52 1999 3°002 2:501 30 | 1042 9°595 4798 
54 1976 9°060 2-530 35 | 1026 9°740 4°870 
p6é 1953 3118 2°559 40 | 1011 9°885 4°942 
58 1932 5°176 2°588 45 996°8 | 10°03 5°015 
3 0 1910 9°235 2°618 50 9827 | 10°18 5090 
2 1889 9°293 2646 35 969°0 | 10°32 5°160 
4 1868 5°35] 2°675 6 0 955°4 | 10°47 9°235 
6 1848 9°409 2-704 3 947°5 | 10°62 5310 
8 1828 39°468 2:734 10 939°7 | 10°76 5:380 
10 1810 9°526 2:763 1S 917°, | 10°90 5°450 
12 1790 5584 2792 20 905'0 | 11°04 5520 
14 1772 9°642 2821 25 893°5 | 11°20 5°600 
16 1754 9°700 2-850 30 882°0 | 11°34 5°670 
18 1736 5°758 2°879 39 8707 {| 11°48 5740 
20 1719 o°817 2908 40 859'5 | 11°63 5815 
22 1702 5°875 2937 45 849°3 | 11°78 3890 
24 1685 3°933 2966 50 838°9 | 11°92 5960 
26 1669 9°992 2996 95 828°9 {| 12°06 6:030 
28 1653 6°050 3°025 s 0 819°O |} 12°21 6°105 
30 1637 6'108 3054 3 813°3 | 12°36 6-180 
$2 1621 6°166 3:083 10 807°4 | 12°50 6°250 
34 1606 6224 3112 15 790°8 | 12°64 6-320 
36 1991 6°282 314] 20 7819 | 12°79 6°395 
38 1377 6°340 3170 29 773-2 | 12°94 6-470 
40 1563 6°398 3°199 30 764°5 | 13°08 6:540 
42 1549 6°456 3°228 35 7961 | 13°22 6°610 
44 1534 6515 3257 40 748°0 | 13°37 6°685 
46 1521 6°574 3287 45 739°9 | 13°51 6°755 
48 1508 6°632 3°316 50 732°0 | 13°66 6-830 
50 1495 6690 3°345 55 724°3 | 13°80 6°900 
52 1482 6°748 3374 8 0 7168 | 13°95 6975 
54 1469 6°806 3°403 15 695°1 | 14°38 7°190 
56 1457 6°864 3°432 30 6746 | 14°81 77405 
58 1445 6°922 3°461 45 655°5 | 15°25 7625 
4 0 1433 6°980 3°490 9 0 637°3 | 15°68 7840 
5 1403 7°125 3-562 15 620°2 | 16°12 8060 


10 1375 7°270 | 3-635 30 603°8 | 16°55 8275 





162 CIRCULAR CURVES 
I.—Tasie or Rani, &c.—continued. 


Deflection Pee, 


Deflection (Tangential a 
distance | distance 


Angle of | Radius distance {| distance {{ Angle of | Radius 











Defiection.| in feet. in feet. in feet. |/Deflection.| in feet. in feet. in feet. 
588-4 | 1699 | 8495 || 17 0 | 3383 | 29°56 | 14-82 | 
573-7 | 17-43 | 8-775 30 | 3287 | 30°43 | 15°25 
559-7 | 17°87 | 8-935 || 18 0 | 3196 | 21-29 | 15°69 | 
546-4 ' 1830 | 9150 30 | 311-0 | 32:18 | 1612 
533-8 | 1873 | 9365 | 19 0 | 3029 | 33°01 | 16°56 
521-7 | 19°17 | 9-585 30 | 2953 | 33°87 | 16°99 


287°9 34°73 17-43 
274-4 36°44 18°30 
262-0 38°15 19-17 
250°8 39°87 20°02 
240°5 41°58 20°91 
231-0 43°28 21:77 
222°3 44°98 22°64 
214°2 46°68 23°51 
206°7 48°38 24°37 
199°7 90°07 25°24 


19°61 9-805 |; 20 
20°05 | 10°03 2k 
20°50 | 10°25 22 
20°94 | 10°47 23 
21°36 | 1069 || 24 
21:79 | 10°90 if 25 
22°21 | 11°12 26 
22:64 | 11°34 27 
23°07 | 11°56 28 


510-1 
499°1 


488°5 
478°3 
468°7 
4593 
450°3 
441°7 
433°4 


wa UO StS Saoocseococosacososs 


i 
417-7, | 23-94 | 11-99 30 | 193-2 ! 5§1°76 | 2611 
410-3 | 24°37 | 12°21 31 | 187-1 53°45 | 26°97 
403-1 24°B1 32 ' 181-4 5513 | 27°83 
396:2 | 25-24 33 ( 1760 | $680 | 28-70 
3896 | 25°67 . 34 { 371-0 | 58°47 29°56 
383-1 26:11 . | 35 166-3 | 60°14 30°42 
3769 | 26°52 | 13- © 36 161-8 | 6180 | 31°29 
3708 | 26°94 , 37 157°6 | 63:46 32:15 
365°0 | 27:37 38 153°6 | GS 11 33:01 
359°3 | 27°83 29 149-8 | 66°76 | 33°87 
348°4 1) 146-2 | 68:40 | 34°73 


28°70 ‘ i 40 





| 
! 
! 
425°5 | 23-51 | 11-77) |] 29 
| 
| 
| 
| 
: 





I1.—Tas.e oF OrpDINATES. 
Ordinates fire feet apart.—Chord \0() feet. 





Distances of the Ordinates from the end of the 100 feet Chord. 





















037 | 026 | ‘O14 
“O41 | 029 | ‘015 


20 | 073 
22 L 080 


atte eeeehe anit 


{ { 
of - | Middle | , | 
flection. | SU teet. | 43 feet. 40 feat. | 358 fret. | 30 feet. | Bb feet. | sO feet. | 15 feet. iO feet. | & fort 
_@ 8 | | | j 
' 24 007 | 007 -007 | -0n6 | -006 ; -005 | -003 | -003 . -002 | -G0) 
4} O14 : j - | 008 | -005 | -003 
6{ -021 | f ‘OLl : 008 | -004 
8} -029 ‘015 ; 010 | ‘008 
10 | -036 “019 | -013 | -007 
12 | 043 ‘022 ; -015 | ‘008 
14 | 050 ; 026 | ‘O17 | -O10 
16} “058 030 | 0201 ‘O11 
18 | *065 033 | 023 / -013 


FOR RAILROADS. 163 


1].—Tasxie or OrnvinatTes—continued. 


| Distances of the Ordinates from the end of the 100 feet Chord. 
































of Middle, 
flection. | 60 feet. | 45 feat. | 40 feet. | 35 feet. | 30 feet. | 25 feet. | 20 feet. | 15 feet. | 10 feet. | 5 feet. 
> 24 | -087 | 086 | 083 | -077 | -074 | -066 | -056! -045 | -031 | O17 
26 | 094 | -093 | -090 | -084 | 080 | 071 | -060 | -o48 | -034 |] -018 
28} -102| -101 | -098 | -092 | -086 | -077{ -065 | -052/] -036] -019 
30 | -109 | -208 | -105 | 099 | -092 | -os2 | -070 | -055 | -039 | -020 
32; "116 | -115 | -112| -106 | -098 | -048 | -075 | -058 | -042 | -022 
34 | °123 | -122 | -118 | -111 | -104 | -094 | -079 1 -062 | -044 | -023 
36 | 131 | +130 | -126 | -119 | -110 | 099 | -084 | -066 | -047 1 -024 
38 | 138 | -137 | -133 | -126 | -116 | °105 | -Ox9 | -o70 | -049| -025 
40 | 145 | 144 | -140 | -133 | -123 | -110} -093 | -o74 | -052 | -027 
42 | 152! +150 | -146 | +138; -128 | 115 | -098 | -077 | -055 | -028 
44} “160 | +158 | -153 | -145 | +135 | -121 | -103 | -081 | -057 | -030 
46} 167 | °165 | -160 152 | -141 | 126 | +107 | 085 | -060 | -032 
48 | 174] 172 | -167 | -158 | -147 | -132 | 112] -088 | -062 | -033 
50 | -182 | “180 175 166 | +153 | 138 | 117 | -092 | -065 | -034 | 
52] ‘189 | 187 | -Isd | 171 | -159 | -143 | +122 | -095 | -068 | -035 
54.1 196 | 194) -188 | -178 { -165 | +148 | +126 | -o99 | -o70 | -036 
56 | -204 | 202 | -195 | -185 | -171 | 154} -131; -103 | -073 | -038 
58} "211 | +209 | -202 | -192 | “177 | 159 | +136 | 107 | -073 | -039 
1 | *218 | -216 | -209 | -198 | -183 |} -164 | -140 a 078 | -O41 
2, '225 | +223 | -215 | -204 | -189 | 169) 145 | -114 | 081 | -042 
4 | +233 | +231 | -223 | -211 | +196 | +175 ' +150 1 -118 | -083 | -043 
G6 | 240 | -238 | -230 | -217 | -202 | +180 155 | +121 | -086 | -045 
B | 247 | 245 | -237 | -224 | 208 | “RG: -159 | -125 | -088 | -046 
10 | -254 | -252 | -244 | -231 | -215 ‘191 | -163% -130] -091 | -048 
12 | -262 | -260 | -252 | -237 | 220 | 196% -168 | -133} -094 | -049 
14 | 269 | +267 | -258 | -244 | +226} -202; -173 | +136 | -096 | -050 
16 | 276 274 | -265 | -251 | +232 L207 | 177 | +140] -099 | -052 
| UB | -2R4 | 282 | +273 | 257 | 238) 213 | -1RZ | -144 | +101 | +053 
1 20; 291 | 288 | +279 | -264 | 244] DIB 187 | +148 | 104 | 035 
| 22; -298 | -295 | -285 | -270 | -230 | “224 + -192 | +151 | -107 | -036 
| 24 | “306 | 303 | 293 277 | -256 | -229) -197 | -155 | -109 | -057 
/ 26 | 313 | 310! -300 | -2d4 | -263 | 235 > -201 | -159 | -112 | -059 
| 28} +320} -317 | -307 | -291 | -209 | -240° -206 | -163] -114 | -060 
| 30] 327 | 3241 -314 | -207 | -275 | -246) -210 | -167 | -117 | -062 
| 32 | 334 | -331 ] -321 | -304 } -281 | “251 5 -215 | -172 | 120] 063 
34) 34) | 338 | 328 | 310 | +287 | +257 | 219 | -174 1 °122 | -O05 
| 36) 349 | -345 | +335 | -317 | -293 | -262 |. -224 178 | -125 | -066 | 
$8 | -336 | -353 | -342 | -323 | -299 | -268 | -2zR | 1821 -127 | -068 } 
40 | 364 | -360 | -349 | -330 | -305 | -273 ee | 185 | “180-069 | 
42} -371 | -367 | -356 | -337 |! -312 | -278 | -288 } +189) +183 -070 
44} +378 | 374 | -363 | -343 | “318 | -284 | 242 | 192] +135 -072 
46 | 385 | -382 | -370 | -3u6 Le ‘289 247 | 196 | -138 073 
| 48] -303 | 389 | -377 | -356 | -330 | -295 | -251 | 200) -141 - -075 
+ 80 | 400 | -396 | -384 | -364 | “336 | -300 | +256 | 208 | 144) 076 
| sa} -407 | -403 | -391 | -370 | 342; -305 | -261 | 208] -147 | -077 
b4 | -414 | -4101 398 | -376 348 | ‘311 | -265 | +211 | +149 | -079 | 
| 66 | -422 | -418 | 405 | -383 | -354! -316 | -270 | -215 | -152 | -080 
58 | -429 | -425 | -412 | -389 | -360 | °322 | -275 | -219 | +154 | 082 
2 0 | 436] -432 | -419 | -397 | -366 | -327 | -280 | -222 | -157 | -083 
2} 443 | -439 | -426 | -402 | -373 | 332 | -284 | 226 | -160 | -084 
4) 451 | -446 | -433 | -409 | -379 | -338 | -289 | -230 | -162 | -086 


164 





CIRCULAR CURVES 


II.—Tasre or OrvInaTes—continued. 





Distances of the Ordinates frow the end of the 110 feet Chord, 


40 fect. | 35 feet. 


} 
| 

440 | 416 
“447: 425 
454. °430 
461 i °437 
"468 ' °443 
475 +450 
“482 +456 
489 °463 
496 °470 
503 °476 
510 = -483 
317° -°489 
“524 "496 
531 +503 
538 509 
545 = °516 
552 °22 
‘559 +529 
566 . *536 
573, °542 
B80. °549 
“$87 ' °555 
594 °562 
601 | °569 
“608 {° +57 

‘615 | +582 
622 | °588 
629 | °595 
636 | °602 
643 {| -608 
‘650 | -615 
"637 ; 621 
664 | -629 
"671 | -635 
678 | +642 
"685 | +649 
"692° -655 
“699 | +662 
‘706 | °668 
7131 °675 
720 | °682 
"727 | 688 
734 | °695 
74) 702 
748 | -708 
755 | 715 
762 } +721 
769 | °728 
776 | °734 
783 5 741 
790 | °748 








| 


ee ee ee er ores 


-w eee 


enter ween on = a 


a er 


BH feet. 


385 
391] 
397 
403 
409 
"415 
421 
428 
434 
440 
“446 
“A52 
“498 
465 
471 
477 
"483 
“489 


°495 


501 
907 
O13 
‘519 
+926 
b32 
538 
O44 
990 
956 
562 
°968 
O74 
98] 
587 
993 
“999 
605 
‘611 
‘617 
623 
*629 
635 
642 
648 
‘054 
‘660 
666 
673 
*679 
"685 

691 





asonsasaeecszazees a eR ef NER Ee IERIE UR er eter Spt te REF ASE A 


25 feet. 


343 
349 
“B55 
*360 
366 
371 
377 
“382 
"387 
393 
"398 
"404 
°409 
“415 
420 
"429 
"431 
436 
“441 
447 
"452 
“498, 
464 | 
*469 ' 
“$74: 
480 
485 


‘491 | 


502 
307 
O12 
518 


523 
"929 
O54 
540 
345 
350 
556 
061 
h67 
73 
578 
"084 
"389 
"504 
‘600 


"605 
‘Ol! 
‘616 


"497 | 


: 
| 
aRUE 


30 feet. 


293 
-298 
303 
“308 
312 
‘317 
321 
326 
*330 
334 
338 
*346 
“3950 
+355 
"$59 
36 
*368 
373 
‘378 
“382 
‘387 
39] 
396 
+40] 
405 
‘410 
“414 
"419 
"424 
‘422 
"433 
"438 
443 
Bad 
452 
"457 
“462 
466 | 
“471 
"479 | 
-480 
“38 | 
489 | 
"494! 
‘498 
“803 { 
“$08 | 
‘$12 
517 
"O21 
526 


15 fect. 


*234 
237 
"241 
245 
*248 
"252 
256 
*260 
264 
267 
271 
275 
278 
282 
285 
289 
293 
297 
301 
304 
308 
312 
315 
319 
399 
326 
330 
334 
338 
34} 
345 
349 
353 
307 
‘360 
"364 
368 
371 
375 
378 
382 
386 
"390 
394 
397 
401 
"405 
408 
412 
"415 
“419 


10 feet S feet 
"167 | °088 
°170 | -089 
°173 | °090 


rb 
e 


St eh ee cr a a 


7 a 2 a“ ry a 
gt om 
* 2 « a s a » a » * * a a ® s e ? e e 2 e 2 o a 2 2 e « 2 e s ° e s e e e 
* o S be! * 
| ones ie. | 2 t : “=z 4} 
¢ ¢ t 2 2 
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FOR RAILRUADS., 165 


IL.—Tasie or Orvinatyes—continucd. 





| . Distances of the Ordinates from the end of the 100 feet Chord. 
Angie | 


flection. 
t 


mide e | 
45 feet. | 40 fect. | 85 feet. | 30 feet. | 25 feet. | 20 feet. 16 feet. | 10 feet. | 5 feet. 














9 @ 


3 48) °829| °821| ‘797| -754| -697! .621| -531: -423 | -298 | -158 
50| -836{ °828; °804{ -761| °703| -627| +536 -427 | -301 | °159 
52| -843/ 835] ‘8111 -768] -709| 632! °541° -431} -304 | -160 
54| °850} °8421 °818] -774] °715| ‘638/} -545 -434 ] -306 | -162 
56| °858} °850} °825] -781! °721) -643; °-550 -438 1] -309 | -163 
581 865} °857] °832] -7871 -728) -648| °535 4421 -31L | -163 

4 0] °873| °864| ‘839! °7941 °734] -655] -559° -445 | -314 1 -166 
5] B91} -882] °856/ -810} °749] -668/| °-571 -454 1} 3201 -169 
10; °909| °900| -874| -827) -764| -682| -582 -464 1 -327 | -173 
15! -927| 918] B91] -B441 “7801 -695] -394 -473 1 -334 |] -176 
20! -945| -936| -909| -w6ol -795! -709| -606 +482) -3401 -179 
25; °963! °954] -926! -877/ -810! °723/] -617 -491 | -347 | -183 
30) -9R1| -972] -944] -893;} -825! -736] -629 301 | -354 1 -186 
35: 9991 -990] -961} -909| -840) -750; -640 -510 | -360{ -189 
40; 1017] 1008! 979! -926/ -855! -764] -632: 519 | -367 |] -193 
45. 1:036!1 1026] °996| -943] ‘S71! °777] +664 +529 | -373 1 -196 
50: 1-054] 1-044] 1-014) -959|} -886] *791| °676, -538 | -380] -199 
55 1072) 1:062] 1-031! -976] -901} -8O4] 687) °347 | -386 | -203 

5 0; 1-091] 1-080] 1-048} -993) -917| -818] “699! +557 | -393 | -207 

/ 1109| 1-098{ 1-065) 1-009 ‘932| 831) “7111 +566 | -400 210 | 

















10} 1-127] 1-116] 1-083) 1-026] 947) R45] 7221 -576 | -406 | -214 | 

15) 1146] 11341 1-000} 1-042; -963| 859) +734) -585 | -413 | -217 | 
20; 1164 | 1152] 1-118! 1-058} -978) -872| -746/ -594 | -419 | -220 
25/ 1182] 1-170] 1135; 1-075] +993) 886] +757) -603 | -426 | -224 
3 | 1-200 1-188} 1-153] 1-092] 1-009; “900! -789: -613 | -432 | -228 
35} 1-218} 1-206) 1-170) 1-108; 1-024] 913] +781! +622 | -438 | -231 
40; 1-236{ 1-224) 1-1ag! 1-124, | -445 | -235 
45/ 1-255; 1-242] 1-205 al 452 | -238 
50| 1-273! 1-260 1-293 | 1-15 88 241 
55! 1-291) 1-278 465 | -245 
6 0] 1-309! 1-296 1-258 | N91, 839, 668 | -472 | -248 

t 








1327 | 1-314} 1-275) 1-207, ‘851; -677 | -478 | -251 





GVFoaoaovceroyroanoncreacqupuoauqot 


10| 1-345} 1-332] 1-293} 1-224] | 1-009} 862; 686 | -485 | -255 
15; 1-364) 1-350} 1-310) 1-240) ' 1023) 874) -696 | - 

20: 1-382} 1-368} 1-328) 1-256; 1 1-036} “886; °705 

25) 1400) 1-386) 1-345 | 1-273; | 1050} 897] -714 

30} 1-419) 1-404] 1-362] 1-290 064; -909) +724 

33) 1-437) 1-422] 1-379 | 1-306 077{ “921: +733 

40° 1-455] 1-440] 1-397 | 1-323 O91} -9321 -742 

45) 1-473) 1-458) 2-415] 1-339, 105} -Y44) “752 





956' °761 
“967 °770 


50) 1-491! 1-476) 1-432) 1-355 
55 1-509 £494] 2-450) 1-372 
7 ©} 1-528! 1-512] 1-467 | 1-389 
5! 1-546) 1530} 2-484) 1-495 
10 1564; 1548] 1-502] 1-422 
15 1-582; 1:566/ 1-520] 1-438 
20) 1-600] 1-584] 1°537] 1-454 
25 | 1-618 1-602] 1-555! 1-471 
30 


991) °7RB 
1002; -798 
1014; -807 


I: 637 | 1°620; 1°572; 1-488 
1-655 | 1-638 | 1589; 1504 
I we 


39; -9271 -792! -631 
35! “941! -804! -640 
70{ -954] -816! -649 
BS; “967! -827) -658 
0 
] 
3 
4 
6 
; 
9 
0 
2 
5 
5 
6 
8 
9 
] 
3 
j 


BUWWOOWNHENHMN Geet ee oS Ee SSS SES 


ped peat et feed poet feet pe ied ped feed fend feed tend peed peed pee beet bed peed bend pent peed pent ped bed pout 
e a e » @« » * » - 
SO tt & ie 








1656 | 1-607} 1:521 
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Il.—Tasie or Orpinares—continued, 


Diatances of the Ordinates from the end of the 100 feet Chord. 








Angle ; 
of fe. Middle, 
fection. | 60 feet. | 45 fect. | 40 feet. | 35 feet. | 30 feet. | 25 feet. ' 90 feet. 





15 feet. 10 feet. | & fest. 








"616/ +324 
623} = -328. 


1-436] 1282 1-095 
L451] 1-296) 1-106 


872 
881 


I 
50} 1-710) 1 
551 1728) 1 

1 
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22 0} 4815) 4:768 | 4-624: 4386 | 4-050 3620} 3-093) 24671 1744 
24 0 5033; 4-986 4-836) 4587] 4-237; 3786 | 3-236! 2-581 | 1-824 


) 
1 4595; 49549 4412) 4184 
j 
“4 Of 


| 62855 6204 5048 | 4°789; 4:423 | 3-952] 3-379} 2°695) 1 

25 0) F476 64221 5-260, 4989! 4-609] 4:119 1 35221 2-809] 1°986 

26060) 4697 = 5°642) 5-473; 5192) 4°798) 4286] 3-665) 2-924) 2°068 
3808 | 3:039' 2°150 


o 4 | 
7 45] 1-692) 1-674) 1-6 i 1537 | 1-421] 1:269° 1-083] -863/ 610 -321 
| 1°553 
! 9| 1570 i 
| g 0} 1-746 7| 1-587! 1-467] 1-310) Lele] 891} °629; -332, 
13! 1-801] 1-782 9| 1-637 | 1513] 1-351) 1-153 918: 649] +342 
30 | 1-885 | 1-836 | 1-782) 1-687 | 1559/1392. 118B] “946! -669/ -353 
| 45{ 1-910! 1-890 4) 17371 1-605] 1433 1-223] +974; *689! +363 
9 0} 1-965] 1-944] DRBG: 1:787' 1651! 1474) 1-258] 1-002; °708] -373 
15/ 2019} 1-998) 1-939) 1837) 1-695) 1515 1-293) 1030; 728) “384 
30 | 2-074) 20521 1-991) 1887) 1-742] 1556 1328} 1-057) -748) -394 
45) 212K) 2106) 2044) 1-937: 1-788} 1-997, 1-363 | 1-085) 767) 405 
10-0] Q183) 2161} 2-096) 1-987; bs3a] 1637! 1-398) Pla! +787) 415 
15; 2238} 2215] 2148; 2-037: 1HRo| 1678! 1-433) 1142) 807) +425) 
30! 2-292} 2-269] 2-201! 2-087) 1-926) 1-719 1468) 1-170) “827! +436; 
45 2-347 | 2323) 2-254) 2-136. 1-972] 1-761 1-503) 1-198) 846 446 
11 0} 2-401) 2377] 2-306: 2-186) 2-018 | 1802 1-538) 1-226° “B66 +457! 
15! 2-456) 2432] 2-359, 2-236) 2-064 | 1843 1-574) 1-254, 886 +467) 
30} 2511) 2486) 2421) 2286 2110] 1884 1-609) 1-282 906-478 
45) 2566; 2540! 2464) 2336!) 2-156) 1-026 1644} 1310 “926 “488 
12 a 2620 | 2:394) 2516) 2385) 2-203; 1-967 1-680) 1339 "946-499 | 
15| 2675 | 26419] 2-569! 2-436; 2-249, 2008 1-715) 1367 °966 +509 
30) 2°730) 2703! 2-621: 2485 2:295° 2049 17501 1395) "985, 520, 
(451 2785) 2787] 2674, 2535) 2341) BO9L 17851 1423. 1-009! +530 
113. 0/2839! 28L1L) 2-726) 25S. 2N7) 2IB2 1820] 1451! 1-025, +541 
13 2-894 | 2865! 2779 2-635) 2-493) 2173 1855) 1479! 1-045! +551 
30} 2-949) 2-920; 2-832 26R5° 2479! 2214 TROT! 1507! 1-065) -562 
‘3 | 3-000) 29741 2-884; 2735) 2-525 | 29256. 1-925; 1-535! Hoss! +572 
14 0} 3-058 | 3-028 | 2-937 2-785! 2571) 2297' 1-961! 1564) 1105] -5R3 
15 | 3113) 3-082) 2-989; 2H34: 2-618} 2-338) 19961 1-592! 1-124 | $93 
| 30] 3168 / 3-136} 3-042] 2884) 2664) 2-379] 2-031/ 1-620) L144} “604 
| 45! 3-222) 3-191! 3-094; 2-934) 2-710! 2-421) 2067! 1648) 11641 “614 
NUS 0] BQ7T | 3B-243- 3147; 2-984) 2-756! 2462] 2-102; 1-676) W184) -625 
15} 33321 3-299 3-200! 3-034/ 2802: 2503] 2137] 1-704! 1-204! -635 
30! 3387 | 3-354) 3-252] 3-084) aKa, 2544] 21721 1-732] 1-224! -646 
| 45) 3-442) 3408 3-305 | 3134+ 2895) 25H] 2-208] 1-760) 124s) +656 
tu 0) 3496 | 3462 3-358, S184) 2941 | 2-627 | 2243) 1-789] 1264) +667 
30 3°606| 3-971 | 3-463) 3-284; 3033; 2-710] 2314) Legs] 1304! -688 
117 0} 3-716] 3-680) 3-569) 3-384) 3-125 | 2-792] 2-384 | 1-902! 1-344) -709 
30] 3-896! 3-788! 3-674 3-484) 3-218 / 2875] 2-455) 1-958] 1384] -730 
118 o| 3-935 | 3897 | 3:779; 3584 3-310) 2928) 2-525; 2-014) W424} °751 
+ 30] 4-045} 4-006! 3-8AS; 3°G84! 3-403) 3-040] 2-596! 2-071] L464] 772 
119 | 4:2155] 4115] 3-990 3-784) 3-499! 3-123] 2-666] 2-127) 1504] +793 
$0 | 4°265 | 4-223! 4-096) 3-HR4) 3-588 | 3-205] 2-737) 2nd] 1544) -O14 
120 0! 4375] 4°332| 4-201) 3-964 3-680 ; 3-286! 2-808! 2-240 1-583 | 836 
3-864} 3-454] 2-950) 2-353 ae 879 


5°393 4°084/ 4°404 








0] 6918 5860) 5-685 
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Il.—TasLe or Orpinates—continued. 


Distances of the Ordinates from the end of the 100 feet Chord. 





Angle 
of De- | Middle, 
ftection.)| 60 feet. | 45 feet, : : 40 feet. | 35 feet. | 30 feet. 


25 feet. | 20 feet. | 15 feet. | 10 feet.| 5 feet. 


mene’ items teneenneeed heieenemememel ites sen dnamimimmenemmeemenetasnd Unmmsemmeaateemeaaacenndl Kaunemen some ceneaeennen niin eer emeeemeemnan names inimansenmaanenemmmaneel datieemeemenmemmntinseend 








28 | 6-139 | 6:079 
29 |6°361 4 298 | 
30 | 6°582 


5898 | 5-595 | 5-171 | 4-622 | 3-952 | 3-154 | 2-232 | 1-181 
6-110 | 5-796 | 5°357 | 4-790 | 4-095 | 3-269 | 2-314 | 1-224 
6517 | 6-323 | 5-999 | 5-444 | 4-958 | 4-239 | 3385 | 2-396 | 1-268 

















31 16-804 | 6737 ! 6-537 | 6-202 | 5-733 | 5-127 | 4-384 | 3-502 | 2-481 | 1:312 
32 | 7-027 | 6-957 | 6-751 ees 5-922 | 6-297 | 4-530 | 3-619 | 2:565 | 1:356 
33 [7-249 | 7-178 | 6-965 | 6-609 | 6-111 | 5-467 | 4-676 | 3-737 | 2-649 | 1-401 
34 | 7-472 | 7-398 | 7-179 | 6-813 | 6300 | 5-637 | 4-822 | 3-854 | 2-733 | 1-445 
35 |7-694 | 7-619 | 7-393 | 7-017 | 6-489 | 5-807 | 4:968 | 3-972 | 2-817 | 1-490 
36 |7:918 | 7-841 | 7-609 | 7°222 | 6-679 | 5-978 | 5-115 | 4-090 | 2901 | 1535 
87 18-143 | 8-063 | 7-825 | 7-427 | 6-870 | 6-149 | 5262 | 4-209 | 2°985 | 1581 
38 | 8367 | 8-286 | ee | 7-633 | : 7-060 | 6:320 | 5-410 | 4°327 | 3-069 | 1°626 
39 18-592 | 8-508 | 8-257 | 7-838 | 7-251 : 6-491 | 5-357 | 4446 | 3:153 | 1-672 


8°S16 | 8731 | B47d. | BO44 | 7-442 
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6°663 | | 8°705 | 4565 | 8-238 | 1718 


ARTICLE XXI. 
ON LONG CHORDS. 


It is sometimes convenient, in preliminary locations, to lay off 
curves by chords longer than 100 feet. For instance, in fig. 19, in- 
stead of running from a by chords a b, bc, ¢ d, &c., of but 100 feet, 
points d, f, g, &c., may be obtained with less trouble by asing three 
times the tangential or deflection angles of the table (as the case 


may be), and employing chords a d, J, 
fg, &c., nearly three times as long as 


Fig. 19. 


PERERA Ld LENGE <ReE 
_ 
ae, ¢ 
‘ 


the chords a b, bc, &.; or if ad, df, Se a 
J g,be either 2 or 4 stations apart, then2 a 
or 4 times the tangential and deflection ne 
angles would be used ; and chords nearly \ — 
2 or 4 times 100 feet in length. . .. ae 
The following table contains the pre- ee 
cise length of chord required to subtend +y 
respectively 1, 2, 3, or 4 stavions. It Ji 


is seldom desirable to exceed the latter 
hmit. 
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or Lona Corps. 





‘ 


7 Length of-Chord in feet required to subtend. 
Angie 0 { ° 
Radius in feet. | Deflection. 1 Station. 3 Stations. 8 Staticns, 4 Stations. 








5730°0 1° 100 200°0 300-0 400°0 
4584-0 4 100 200-0 300°0 899°9 
3820°0 ; 100 200-0 300-0 399°9 
32740 si. 100 200-0 3000-0 399'8 
2865°0 2° 100 200:0 299°9 399°7 
2547-0 } 100 200-0 299-9 399°6 
2292°0 100 200-0 299-8 399°5 
2084-0 : 100 200-0 299°8 399°4 
1910-0 3° 100 200-0 299-7 399'3 
1763-0 3 100 200-0 299°7 399-2 
1637:0 } 100 200-0 299°6 399°) 
1528-0 i 100 200'0 299°6 3990 
1433-0 4° 100 1999 | 2996 398°9 
1348-0 i / 100 i999 «| «(905 =| 8987 
1274-0 | 100 1999 | 209-4 3085 | 
1207-0 $ | loo 199-9 | 299-3 3983 
1146-0 5° f = - 100 1999 | 2992 |} 898-0 | 
1092-0 | 100 1998 =| 2092 | = 8978 
1042-0 | 100, 1998 | 299°0 3976 | 
996'8 : / 100 1997 | 298-9 B07 | 
955°4 6° | 100 199-7 |} 298°8 397°3 
817-0 100 199-7 | 208-7 : 397-0 | 
882-0 4 ; .100 199-7 | 2986 396°7 
849-3 | $1000 1996 | 29K | BOGS 
819-0 7° ; 190 | 1996 208-4 3962 | 
790'8 3; 100 | 199°6 : 298-3 3960 | 
7645 | Bei 100 199-6 298-2 395°7 
739°9 | 2 ' foo | 1996 | 2981 3954 | 
7168 | 8 © | 10) | (1998 | 2980 3051 | 
69512 2 | 100 199°5 | 297-9 3048 
674-6 + | 100 1995 | 207-8 3945 | 
655'5 | 2 | 100 1994 9| 297-7 394-30 
6373 | 9° / 100 ng4 | 2075 394:1 
620-2 3 | 100 pid 297-4 393-7 
603'8 , 100 199-3 ' 297°3 393-2 
588-4 > 100 | 1992 | 2072 392°8 
573-7 | 10° | 100 | 199-2) 297-0 302-4 





area ae ah—ts-2 strane 











Siegal 








| For radii less than 573-7 feet, it is never required to use longer chords than 
e 100 feet. 


When this method of laying out curves by long chords 1s used, the 
instrument should be moved to each successive puint after it is deter- 
mined, in order to fix the next one, instead of attempting to obtain 
more than one point from one position of the instrament: because 
when the chords are longer than one chain, they cannot be measured 
in the right direction by eye, but must be guided by the instrument. 

It must be especially borne in mind that, in any given curve, only 
the tangential and deflection angles increase in the same proportion 
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as the number of 100 feet stations subtended by the long chord. 
Therefore, these long chords cannot be used for laying out curves 
by eye, as their tangential and deflection distances are not known. 
When it*is required to use long chords for turning a curve by eye, 
they must be composed of a number of whole chains, being made say 
200, 300, or 400, &c., feet in length. The tangential and deflection 
distances of curves of more than 500 feet radius may then be assumed, 
in practice, to increase as the squares of the number of chains in the 
length of the long chord. For instance, to lay off a 5° curve by 
chords of 200, 300, or 400 feet in length, the tangential and deflection 
distances of the table must be multiplied by 4, 9, or 16, as the case 
may be. In this case the tangential and deflection angles are unknown. 
This is not mathematically correct, but will answer in practice for 
the curves ofa canal or common road, where greut nicety is not needed. 
The only proper instrument for running lines of survey is the 
transit, furnished with a compass and with a revolving telescope. 
The deflections, being measured in avgles, serve as a check to the 
numerous sources of error to which the compass is hable, arising 
from local attraction, electrical action in the glass cover, diurnal 
variation, &c. Besides, when the compass alone is used, it is necessary 
to test every course or bearing from each end of each station; and 
this involves loss of time. 
The following is a good form of field-book for the transit and 
compass combined : 


| | . Deflection i The right-hand page 
Reation: “Distitiees. Total ne Degrees: (18 left blank for Re- 


Distance. | marks, and Sketches of 


faa se. a 
| Left. | Right. | Topography. 

In every locating party there should be one person whose duty is 
to obtain and record the transverse slopes of the ground at each 
station. His observations will usually extend to from fifty feet to 
one handred yards on each side of the centre stakes, depending on o 
variety of circumstances of locality which cannot be alluded to here. 
In preliminary locations these slopes need not be taken with very 
great nicety, as they will be used chiefly for ascertaining, approxl- 
mately, the amount of excavation and embankment. 

After the final location is made, the slopes should be taken again, 
with great care, to the nearest quarter ofa degree ; but need not ex- 
tend beyond tho width actually ocenpied by the road. Their use in 
this second operation will be for determining the cubic contents with 
more precision than before, for final estimates ; and also for obtaining 
the positions of the side-stukes. 
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Should the duty of recording these slopes devolve upon the com- 

Fig. 20. passman (which it should not), it will be neces- 

: : sary to add another column to his field-book after 

: ae that containing the deflections. In this column 

308 he will insert the slopes thus (fig. 20), the dot 

representing the centre stake. The degrees of slope are written above 
the lines, and the distance in feet to which they extend below. 

The slopes are taken by laying a long rod on the ground, at right 
angles to the line of survey, as nearly as may be judged by eye, and 
measuring the angles by means of a small slope instrument placed 
upon the rod. These are made by most of our instrument-makers. 


ARTICLE XXII. 
TO ADJUST A TRANSIT INSTRUMENT. 


Having placed the transit firmly at a, fig. 21, and levelled it, clamp 
all fast, and direct the cross-hairs, by means of the tangent screw, 
to some convenient object, ). Then, revolving the telescope vertically, 
but without moving it in the least hurizentlly, let the cross-hairs fix 
upon a second object in the opposite direction, as ¢; or, if there be no 


Fig. 21. such object, place one, as for instance 

; Py a chain-pin, at any convenient dis- 
® 94 

Sores owneemme egret teemmmonn-e tance. Then unclamp the lower clamp, 
d. 


and revolve hurizontully the entire 
upper part of the instrument above the parallel plates. Clamp it 
again, and fix the cross-hairs upon /; then again revolve the felescope 
vertically. Ifthe sight now strikes c, as befure, it is in adjustment ; 
but if not, place another object, d, where it does strike ; and with the 
adjusting pin alter the vertical cross-hair so as to strike half-way 
between dandc. The instrument will then be in adjustment. Two 
or more trials will generally be necded before the adjustment is perfect. 

With care, and on a firm floor, the operation may be performed in 
a long room, or by placing the instrument in a doorway communi- 
cating with two rooms of moderate size. Fine pins, or needles, 
should then be used as the objects to be sighted at. It is better, 
however, to adjust ont of doors, with more distant objects. It is also 
a good precaution to hang up a long plumb-line, or select some 
vertical object, and see whether the vertical hair coincides with it, 
as the telescope is raised or lowered. If from any accident, or care- 
lessness in its construction, it does not, the defect must be remedied 
by an instrument-maker. 


™ 
vung 
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ENGINEERING, SURVEYING, &c 


+ 


fumber's New Work on Water-Supply. 


A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By WiLtLiAM Huser, Assoc. Inst. 
C.E., and M. Inst. MLE. Authér of ‘Cast and Wrought Iron 
Bridge Construction,” &c., &c. Imp. 4to.¢ Illustrated with 50 
Double Plates, 1 Single Plate, Coloured Frontispiece, and upwards 
of 250 Woudcuts, and containing 400 pages of Text, elegantly and 
substantially half-bound in morocco. 64. 6s. 


® 
List of Contents :-— 


I, Historical Sketch of some of the means that have been adopted for the Supply 
of Water to Cites and Towas.—I1. Water and the Foreign Matter usually asso- 
ciated with it.-—-U11. Rainfall and Evaporaton.—IV. Springs and the water- 
bearing formations of various districts. —-V. Measurement and Estumanon of the 
Flow of Water. —VI. On the Selection of the Source of Supply.—-VIL. Wells.— 
VILE Reservous—IX. The Purdiaten of Water.—X. Pumps.—-XI. Pumping 
Machinery. —X1f. Conduits. -—-NIUL Distribution of Water. —XIV. Meters, Ser- 
vice Pipes, and House Fitts —XV. The Law and Economy of Water Works.— 
XVI, Constant and Interuattent Supply. —XVIL Description of Plates. —Appen- 
dices, giving Tables of Rates of Supply, Velocities, &c. &c., together with 
Specifications of several Works ilustrate.t, among which will be found :—Aberdeen, 
Bideford, Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 


OPINIONS OF THE PRESS. 

“ The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language.” - Aagsacer first notice) | 

eile Huraber’s work is characterised almost througnout by an exhaustiveness 
much more distinctive of French and German than of English technical treatises.” — 
Sayineer third notice. 

EWe can congratulate Mr, Humber on having been able to give so large = 
amount of information ona subject so important as the water supply of pein ste 
towns, The plates, fifty in number, are mostly drawings of executed wor ey 
alone would have commanded the attention of every engineer whose practice may lie 
in thin branch of the professiun. — Auiider, 








WORKS IN ENGINEERING, SURVEYING, ETC., 


Hlumber's Modern Engineering. First Series. 
A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &. By WILLIAM 
HuMBER, Assoc. Inst. C.E., &c. Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c, 37. 3s. half morocco. 


‘* Handsomely lithographed and printed, It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works,” —Engineer. 


Humber's Modern Engineering. Second Serves. 
A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1864; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c.  3/. 3s. half morocco. 


“A résumé of all the more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
details, it will be found a valuable accessory to the profession at large."—ngineer, 


‘Mr. Humber has done the profession good and true service, by the fine collection 
of examples he has here brought before the profession and the public."—Practical 
Mechanics’ Fournal. 


Humber's Modern Engineering. Third Serves. 
A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1865. Imp. 4to, with go Double Plates, drawn to a large 
scale, and Photo. Portrait of J. R. M‘Clean, Esq., late President 


of the Institution of Civil Engineers. 3/. 3s. half morocco. 

“No engineer, architect, or contractor should fail to preserve these records of 
works which for magnitude have not their parallel in the present day, no student in 
the profession but should carefully stuely the details of these great works which he 
may one day be called upon to imitate if not to surpass."--JJechanics’ Magasine. 


Humber’s Moaern Engineering. Fourth Series. 
A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engineers. 3/. 3s. half morocco. 


“Of peculiar value, as well to those who design as to those who study the art of 
engineering construction. Mr. Humber embodies a vast amount of practical infor- 
mation in the form of full descriptions and working drawinzs of all the most recent 
and noteworthy engineering works.”-- Vechanws’ Magazine. 


Humber's Great Work on Bridge Construction. 
A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts---Theoretical, Practical, and 
Descriptive. By Winttam HumBper, Assoc. Inst. C.E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. gto, 6/, 163, 6¢. half- bound 
m morocco. 

“Mr, Humber’s stately volumes lately istued—in which the most important bridges 
erected during the last five years, under the direction of our most emoment engineers, 
are drawn and specified in great detail." -- Eaginerr 

A book—and particularly a large and costly treatine like Mr. Humber's.--which 
has reached ita third edition may certainly be said to have established its own 


PUBLISHED BY CROSBY LOCKWOOD & CO. 3 


Strains, Formule & Diagrams for Calculation of. 


A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulzand Corresponding Diagrams, 
with numerous Details for Practical Application, &c, By WILLIAM 
HumBER, Assoc. Inst. C.E., &c. Third Edition. With° nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 75. 6d. cloth. 
**The arrangement of the matter in this little volume is as convenient as it well 
could be. .... The system of employing diagrams as a substitute for complex 
a 


computations is one justly coming into great favour, and in that respect Mr. Humber’s 
volume is fully up to the times,”"—-Engineering, 


“The formule are neatly expressed, and the diagrams good.” —A thenaum. 

**Mr. Humber has rendered a great service to the architect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iron 
beams, roofs, and bridges by means of diagrams.” — Buzlder. 


Barlow on the Strength of Materials. 


A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c.; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By PrTER BARLOW, F.R.S. A New Edition, 
revised by his Sons, P. W. BARLow, F.R.S., and W. H. BaRLow, 
F.R.S. The whole arranged and edited by W. HUMBER, Assoc. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, and numerous 
woodcuts, 18s, cloth. 
**The best book on the subject which has yet appeared. . . . . We know of 
no work that so completely fulfils its mission."—Anglish Mechanic. 
** The standard treatise upon this particular subject."—Lgineer. 


Lables of Curves. . 


@ 
TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from § to 200 Radius. By ALEXANDER 
BEAZELEY, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cfoth box, waistcoat-pocket size, 3s. 6d. 

** Each table is printed ona small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument—no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket—an arrangement that will recommend them to all practical men.” —Engineer, 


fron and Metal Trades Calculator. 


THE IRON AND METAL TRADES’ COMPANION : 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from fs. per cwt. to 112s. per 
ewt., and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to 100 tons ; to which are 
appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, a&c. ; also Tables of Weights of Materials, 
and other Useful Memoranda. By THomas Downre. Strongly 
in leather, 396] )., 9 

: F cntapcar tego of vies ta will supply a want, for nothing like them before 
oe wil PaaS the trouble of making numerous intricate calculations. 
Although specially adapted to the iron and metal trades, the tables contained in this 
handy little companion will be found useful in every other business in which mer- 


chandise is bought and sold by weight."—Aarlway News, ts 


WORKS IN ENGINEERING, SURVEYING, ETC., 


flumber's Modern Engineering. First Series. 


A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Eeiperne Works, &c. By WILLIAM 
HumBER, Assoc. Inst. C.E., &c. mp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c. 3/. 3s. half morocco. 

‘* Handsomely lithographed and printed. It will find favour with many who desire 


to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works,”—E£agineer. 


Humber’s Modern Engineering. Second Series. 


A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1864; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c. 34. 3s. half morocco, 


“A résumé of all the more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
details, it will be found a valuable accessory to the profession at large.”"—Eagineer, 


‘*Mr. Humber has done the eins good and true service, by the fine collection 
of examples he has here brought before the profession and the public.”"—Practical 
Mechanics’ Fournal. 


Humber's Modern Engineering. Third Sertes. 


A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photo. Portrait of J. R. M‘Clean, Esq., late President 
of the Institution of Civil Engineers. 37. 3s. half morocco. 

‘No engineer, architect, or contractor should fail to preserve these records of 
works which for magnitude have not their parallel in the present day, no student in 
the profession but should carefully stuely the details of these great works which he 
may one day be called upon to imitate if not to surpass."—-.Vechanscs’ Magazine, 


Humber’s Moaern Fingineering. Fourth Series. 


A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 

of the Institution of Civil Engineers. 34 3s. half morocco. 
** Of peculiar value, as well to those who design as to those who study the art of 
enginecring construction. Mr. Humber embodies a vast amount of practical infor- 


mation in the form of full descriptions and working drawings of all the most recent 
and noteworthy engineering works.”-- MWechanics Magazine. 


Humber's Great Work on Bridge Construction. 


A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts—Theoretical, Practical, and 
Descriptive. By WILLIAM HUMBER, Assoc. Inst. C.E., and M. Inst. 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first deer in this edition), and numerous 
additions to the Text. In 2 vols. imp. q4to, 6/. 16s. 6d, half-bound 
im morocco. 

“Mr. Humber's stately volumes lately issued—in which the most important bridges 
erected during the last five years, under the direction of our most eminent engineers, 
are drawn and specified in great detail.”—- Eugineer. 

‘* A book—and particularly a large and costly treatise like Mr. Humber’s—which 


has reached its third edition may certainly be said to have established its ows 
reputation. ”—Lugineering. 
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Strains, Formule & Diagrams for Calculation of. 


A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulzand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By WILLIAM 
HuMBER, Assoc. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 75. 6d. cloth. 

**The arrangement of the matter in this little volume is as convenient as it well 
could be. .... The system of employing diagrams as a substitute for complex 
computations is one justly coming into great favour, and in that respect Mr. Humber’s 
volume is fully up to the times.” —ngineering. 

** The formule are neatly expressed, and the diagrams good.” —A thenaum. 

**Mr. Humber has rendered a great service to the architect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iron 
beans, roofs, and bridges by means of diagrams.” —Bxzlder, 


Barlow on the Strength of Matercals. 


A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c.; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By PETER BaRLow, F.R.S. A New Edition, 
revised by his Sons, P. W. BARLow, F.R.S., and W. H. BaRLow, 
F.R.S. The whole arranged and edited by W. HUMBER, Assoc. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, and numerous 
woodcuts, 18s. cloth. 

**The best book on the subject which has yet appeared. . . . . We know of 


no work that so completely fulfils its mission."— English Mechantc. 
‘*The standard treatise upon this particular subject.” —LE£rgineer. 


Lables of Curves. : 


ss 
TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from § to 200 Radius. By ALEXANDER 
BEAZELEY, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3s. 6:2. 

“* Each table is printed ona small card, which, being placed on the theadolite, leaves 
the hands free to manipulate the instrument—no small advantage as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a smal! case for the 
pocket—an arrangement that will recommend them to all practical men.” —Lagrneer. 


Tron and Metal Trades’ Calculator. 


THE IRON AND METAL TRADES’ COMPANION : 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from Is. per cwt. to Il2s. per 
cwt., and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to 100 tons ; to which are 
appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. ; also Tables of Weights of Materials, 
and other Useful Memoranda, By Tuomas DownleE. Strongly 
bound in leather, 396 pp., 9s. 
* A most useful set of tables, and will supply a want, for nothing like them before 
existed."—Building News. et 
Will save the possessor the trouble of making numerous intricate calculations. 
Although specially adapted to the iron and metal trades, the tables contained in this 
handy little companion will be found useful in every other business in which mer- 
chandise is bought and sold by weight.”—Aarlway News. 
B 2 
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Tramways and their Working. 


TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. KinNeAR Ciark, M.1. C. E., Author 
of ‘ Railway Machinery,’ &c., in one vol. 8vo, with numerous illus- 
trations and thirteen folding plates, 18s. cloth. (Fust published, 
** All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ‘ Railway Machinery,’ but the more moderate dimensions of 
‘Tramways’ will place it within the means of every individual, instead of limiting 
its purchase to institutions or to these having a large practice.”"— The Auginecr. 
** Mr. Clark's book is indispensable for the students of the subject."—- he Buidder. 
An exhaustive and practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be found. . . . The other parts of Mr. Clark's valuable treatise relating 
to cost and re and tramway cars, are handled in the same thorough 
manner,”-—Suzidinge News. 


Iron and Steel. 


‘IRON AND STEEI’: a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, Useful, and ‘Trustworthy 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills; lron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen. By CHARLES Hoare, Author of 
‘The Slide Rule,”&c.  Kighth Edition. Revised throughout and 
considerably enlarged. With folding Scales of ‘‘ Foreign Mea- 
sures compared with the English Foot,’ and ‘‘fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c.” 
Oblong, 32mo, leather elastic-band, 6s. ; 

‘“‘ For comprehensiveness the book has not its equal.”—/ran. 

** One of the best of the pocket books, and a useful companion in other branches of 

work than tron and steel.”—L£uglish ATechanic. 


“We cordially recommend this book tu those engaged in considering the details 
of all kinds of iron and steel works.” —Naval Sctence, 


Pioneer Engineering. 
PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Epwarp Dopson, Assoc. Inst. C.E., Author of 
‘““The Art of Building,” &c. With numerous Plates and Wood 
Engravings. Crown a 10s. 6d. cloth. 
‘‘A most useful handbook to engineering pioneers. ""-—/70#. 


“ The author’s experience has been turned to good account, and the book is likely 
to be of considerable service to pioneer engineers.'~- Budding News. 


Strains. 


THE STRAINS ON STRUCTURES OF IRONWORK ; 
with Practical Remarks on Iron Construction. By F. W. SHEII Ds, 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5s. cloth. 


**The student cannot find a better little book on this subject than that written by 
Br. Sheilds."—-7 he Engincer. 
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Metallurgy of Iron. 


A TREATISE ON THE METALLURGY OF IRON: con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. BAUERMAN, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. 12mo, cloth boards, 5s. 


“* Carefully written, it has the merit of brevity and conciseness, as to less important 


points, while all material matters are very fully and thoroughly entered into.”— 
Standard, 


Sanitary Work. 


SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising :—1. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage; 3. Water 
Supply. A useful book for Members of Local Boards and Rural 
Sanitary Authorities, Health Officers, Engineers, Surveyors, 
Builders, and Contractors, By CHARLES SLAGG, Assoc, Inst. C.E. 
Crown 8vo, 3s. cloth. 


‘This is a very useful book® and may be safely recommended. .. .. The author, 
Mr. Charles Slagg, has had practical experience in the works of which he treats. 
There is a great deal of work required to be done in the smaller towns and villages, 
and this little volume will help those who are willing to do it."—Ludider. 

Steam Eugine. 
TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GoopEVE, M.A., Barrister-at-Law, Author of ‘‘ The Principles 
of Mechanics,” ‘The Elements of Mechanism,” &c. Second 
Edition. With numerous Illustrations. Crown 8vo, 6s. cloth. 

*€ Professor Goodeve has given us a treatise on theSteam engine, which will bear 
comparison with anything written by Huxley or Maxwell, and we can award it no 
higher praise.” —Anweiners. ; ; 

“Mr. Goodeve’s text-book is a work of which every young engineer should pos- 
sess himself."—Alinzing Fournad, 


* |) 
Locomotives. 


LOCOMOTIVE ENGINES, A Rudimentary Treatise on, Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Demrsty, C.E. With large additions treat- 
ing of the MopERN Locomorive, by D. KINNEAR CLARK, C.E., 
M.I.C.IE., Author of “ Tramways, their Construction and Working,” 
&c., &c. With numerous Illustrations, 12mo. 3s. 6d. cloth boards. 

[Fust published. 


“The student cannot fail to profit largely by adopting this as his preliminary text- 
book.” —/ron and Coal Trades Review. 

‘* Seems a model of what an elementary technical book should be. The book will 
be useful to all young engineers,”—slcademy. 


Sleane. 


STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell’s Treatise on Steam. By D. KINNEAR CLARK, 
C.E., M.I.C.E., Author of ‘‘ Railway Locomotives,” &c. Second 
Edition Revised. With Illustrations, 12mo, qs. cloth. 


. ay essential part of the subject is treated of competently, and in a popular 
style.”"—/ron. 
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Fuels. 


FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ‘‘A Treatise on the Combustion of Coal and the Prevention 
of Smoke.” By C. W. WiLtiiaMs, A.I.C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel—Coal Coke, Wood, Peat, Petroleum, &c.; by D. KIn- 
NEAR CLARK, C.E., M.I.C.E. With numerous illustrations, 
12mo. 55. cloth boards. [Fust published. 


** Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had.”—A ngzneer. 

** The book is a valuable one, and will be found of great interest to Gas Engineers 
and Managers."—Gas Trade Circular. 


Roads and Streets. 


THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed by D. KINNEAR 
CLARK, C.E.—II. Recent Practice in the Construction of Roads 
and Streets: including Pavements of Stone, Wood, and Asphalte. 
By D. KINNEAR CLARK, C.E., M.I.C.E. With numerous 
Illustrations. 12mo0, 5s. cloth. 

‘*¢ A book which every borough surveyor and engineer must possess, and which will 
be of considerable service to architects, builders, and property owners yvenerally. "— 
Building News. 

“To highway and town surveyors this book will have the utmost value, and as con- 


taining the largest amount of information in the shortest space and at the lowest price, 
we may predict for it a wide circulation. "—Yournal of Gas Lighting. 





Steam Boilers. . 
A TREATISE ON STE/M BOILERS : their Strength, Con- 
struction, and Economical Working. By R. WiLson, C.E. 
Fifth Edition. 12mo, 6s. cloth. 


** The best work on boilers which has come under our notice "=. —Engineering, 
** The best treatise that has ever been published on steam boilers.”—Zngincer. 


Practical Tunnelling. 


PRACTICAL TUNNELLING: Explaining in detail the Setting 
ovt of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work, By FREDERICK WALTER SIMMS, M. Inst. C.E., author 
of ‘‘A Treatise on Levelling.” Third Edition, Revised and Ex- 
tended. By D. KINNEAR CLARK, M. Inst. C.E. Imp. 8vo, with 
21 Folding Plates and numerous Wood Engravings, 30s. cloth. 

‘* Mr. Clark’s additional chapters on the Mont Cenisand St. Gothard Tunnels contain 
minute and valuable experiences and data relating to the method of excavation by 
compressed air, the heading operations, rock-buring machinery, process of enlarge- 
ment, ventilation in course of construction by comoressed air, ‘ibour and cost, &c.” 
—Brutliding News. 

‘« The estimation in which Mr. Simms’ book on tunnelling has been held for over 
thirty years cannot be more truly expressed than in the words of the late Professor 
Rankine :—‘ The best source of information on the subject of tunnels is Mr. F. W 
Simms’ work on “ Practical Tunnelling.” "— Zhe Architect. 
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Locomotive-Engine Driving. 
LOCOMOTIVE-ENGINE DRIVING; a Practical Manual for 
Engineers in charge of Locomotive Engines, By MICHAEL 
REYNOLDS, Member of the Society of Engineers, formerly Loco- 
motive Inspector L. B. and 5. C. R. Fourth Edition, greatly 
enlarged. Comprising A KEY TO THE LOCOMOTIVE 
ENGINE. With Illustrations and Portrait of Author. Crown 
8vo, 45. 6d. cloth. 
‘Mr. Reynolds deserves the title of the engine driver’s friend.”—Railway News. 
‘* Mr, Reynolds has supplied a want, and has supplied it well. We can confidently 
recommend the book not only to the practical driver, but to every one who takes an 
interest in the performance of locomotive engines.” — The Engineer. 
“Mr. Reynolds has opened a new chapter in the literature of the day. This 


admirable practical treatise, of the practical utility of which we have to speak in 
terms of warm commendation.” — A theneusm. 


The Engineer, Fireman, and Engine-Boy. 
THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY: comprising a Historical Notice of the 
Pioneer Locomotive E&gines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By MicHAEL REYNOLDS, Author of 
“‘Locomotive-Engine Driving.” With numerous Illustrations, 
and a fine Portrait of George Stephenson, ‘‘the Father of Rail- 
ways.” Crown 8vo. 45. 6d. cloth. [Fust published. 


Levelling. 


A TREATISE on the PRINCIPLES gnd PRACTICE of 

LEVELLING; showing its Application to Purposes of Railway 

and Civil Engineering, in the Construction of Roads; with Mr. 
TELFORD’S Rules for the same. By FREDERICK W. SIMMS, 

F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 

the addition of Mr. Law’s Practical Examples for Setting out 

Railway Curves, and Mr. TRAUTWINE'S Field Practice of Laying 

out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 

8s. 6d. cloth, *,." TRAUTWINE on Curves, separate, 5s. 
‘*One of the most important text-books for the general surveyor, and there is 

scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume.”"—Mining Journal. 


‘* The text-book on levelling in most of our engineering schools and colleges,”— 
Engineer, 


The High-Pressure Steam Engine. 


THE HIGH-PRESSURE STEAM ENGINE; an Exposition 
ot its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. ErRNsT ALBAN, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Poe, F.R.S., M. Inst. C.E., &c., &c. With 28 fine Plates, 
8$vo, 16s. 6d. cloth. 

* A work like this, which goes thoroughly into the examination of the high-pressure 


engine, the boiler, and its appendages, &c., 1s Pune useful, and deserves a place 
in every scientific library.”——Steam Shipping Chronicie. 
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Slate and Slate Quarrying. 
A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D.C. Daviess, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Crown 8vo, 6s. cloth. 
‘A useful and practical hand-book on an important industry." —Zugineering. 
*¢ Thére is no other book which contains so much information concerning the pro- 
cedure observed in taking quarries, the processes employed in working them, and 


such full statistics of the present and past position of the great slate trade of 
Wales."—The Architect. 


Metalliferous Mining. 
A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Daviess, F.G.S., author of ‘SA Treatise on 
Slate and Slate Quarrying.” Illustrated with numerous wood en- 
pravings, crown 8vo. (lu preparation. 


flydraulics. 


HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULZE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers, With New Formule, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By JOHN NEVILLE, 
Civil Engineer, M.R.LA. Third Edition, carefully revised, with 
considerable Additions, Numerous I]lustrations. Cr. 8vo, 145. cloth. 


“Undoubtedly an exceedingly useful and elaborate compilation.” —/7on., 
“ Alike valuable to students and engineers in practice.”~-Mining Fournal. 


Strength of Cast [ron, &'c. 


A PRACTICAL. ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By THomas TREDGOLD, M.I.C.E., 
Author of ‘‘ Elementary Principles of Carpentry.” Fifth Edition, 
Edited by E. HopGkINnson, F.R.S. With g Engravings and 
numerous Woodcuts, 8vo, 125. cloth. ‘ 


Mining, Surveying and Valueng. 
THE MINERAL SURVEYOR AND VALUER’S COM. 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Pnnciples 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By WILLIAM LINTERN, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., 12mo, 45. cloth. 


** Centains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy.” —J/ron and Coal Trades Review. 


*,* The above, bound with THOMAN’s TABLES. (See page 21.) 
Price 7s. 6d. cloth. 


Common Sense for Gas-Users. 
COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c., &c. By RoBERT WILSON, C.E., Author of ‘SA 
Treatise on Steam Boilers.” Second Edition. Crown 8vo, sewed, 
with Folding Plates and Wood Engravings, 2s, 6d. 
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CARPENTRY, TIMBER, MECHANICS. 


Tredgold’s Carpentry, new and cheaper Edition. 
THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Mees 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &. By THoMAS TREDGOLD, 
C.E. Edited by PETER Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (11 of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts, In 
1 vol., 4to, published at 2/. 2s., reduced to 1/7. 5s. cloth. 


“Ought to be in every architect’s and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue.” —Bzzlder. 

**A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. ‘lhe Authsr’s principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value.” —ASuilding News. 


Grandy’s Tiniber Tables. 


THE TIMBER IMPORTER’S, TIMBER MERCHANT'S, 
and BUILDER’S STANDARD GUIDE. By RicHarp E, 
GRANDY. Comprising :—An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Informations for the Retailer and Builder, 
Second Edition. Carefully revised and corrected. I2mo, 35. 6d. 
cloth. 
‘Everything it pretgnds to be: built a gradually, it leads one from a forest to a 
treenail, and throws in, asa makeweight, a host of material concerning bricks, columns, 
cisterns, &c.—all that the class to whom it appeals requires." —£ Fish Mechanic. 


‘** The only difficulty we have is as to what 1s NOT in Its pages. at we have tested 
of the contents, taken at random, is invariably correct.” —Jllustrated Builder's Journal. 


Tables for Packing-Case Makers. 


PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by WILLIAM RICHARDSON, Accountant. 
Second Edition. Oblong 4to, 3s. 6d. cloth. 


** Will save much labour and calculation to packing-case makers and those who use 
packing-cases."—Grocer. ‘* Invaluable labour-saving tables.”"—/ronmonger. 


Nicholson's Carpenter's Guide. 


THE CARPENTER’S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS: comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late PETER NICHOLSON’S standard work. A new Edition, revised 
by ARTHUR ASHPITEL, F.S.A., together with Practical Rules on 
Drawing, by GEORGE PYNE. With 74 Plates, 4to, 1/. 1s. cloth, 
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Dowsing’s Timber Merchant's Companion. 
THE TIMBER MERCHANT’S AND BUILDER’S COM: 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By WILLIAM DowsING, 
Timber Merchant. Third Edition, Revised and Corrected. Crown 


8vo, 35. cloth. 
**Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." Hadi Advertiser. 


Timber Freight Book. 


THE TIMBER IMPORTERS’ AND SIITPOWNERS’ 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wvod whatsoever. By WILLIAM 
RICHARDSON, Timber Broker. Crown 8vo, 65. cloth. 


Horton’s Measurer. 


THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c.; Unequal-sided, Square-sided, 
Octagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductsons for the waste in hewing the trees, 
&e.; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octayonal-sided column. By RICHARD HORTON, 
Third edition, with considerable and valuable additions, 12mo, 


strongly bound in leather, 55. 

‘Not only are the best methods of measurement shown, and in some instances 
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest 
dealers are fully exposed. .... The work must be considered to be a valuable addi- 
tion to every gardener’s library.—Garden. 


Superficial Measurement. 
THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from 1 to 200 inches in length, 
by 1 to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By JAMES Haw- 
KINGS, Fcp. 35. 6d. cloth. 


Practual Timber Merchant. 
THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Marks of Wood, Essay on the Strength of Timber, 
Remarks on the Growth of Timber, &c. By W. RICHARDSON. 
Fcap. 8vo, 35. 6d. cloth. 
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Lhe Mechanic's Workshop Companion. 


THE OPERATIVE MECHANIC’S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC. 
TICAL ASSISTANT. By Witit1AM TEMPLETON. Twelfth 
Edition, with Mechanical Tables for Operative Smiths, Millwrights, 
Engineers, &c.; and an Extensive Table of Powers and, Roots, 
&c., &c. «1 Plates. r2mo, 5s. bound. 


** As a text-book in which mechanical and commercial demands are judiciously met, 
TEMPLETON’S CoMPANION stands unrivalled.” — Afechantcs’ Alagazine, 

*‘ Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify; and there are a great many 
men who, in a great measure, owe their rise in life to this little work.” —BSxdiny News. 


Engineer's Assistant. | 


THE ENGINEER’S, MILLWRIGHT’S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by WILLIAM TEMPLETON, 6th Edition. 18mo, 2s. 6d, 


cloth. 

**So much varied information®ompressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers.”” - J/echanics’ Magazine, 

‘‘A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be made.” —Suslding News. 


Designing, Measuring, and Valuing. 


THE STUDENT’S GUIDE to the PRACTICE of MEA. 
SURING and VALUING ARTIFICERS’ WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slaier, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by EDWARD Dosson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. WYNDHAM TARN, M.A., 8vo, Ios. 6d. cloth. 


can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn’s additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students,”—£ 


Plumoing. 


PLUMBING ; a text-book to the practice of the art or craft of the 
plumber. With supplementary chapters upon house-drainage, em- 
bodying the latest improvements. By WILLIAM PATON BUCHAN, 
Sanitary Engineer. 12mo, with 300 illustrations. 35. 6d. cloth. 
*“Will be welcomed as the work of a practical master of his trade.” —Puddic Health. 
‘The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-building.”—/rex. 
“A book containing a large amount of practical information, put together in a very 


intelligent manner, by one who is well qualified for the task.” —Crty Press. 
Cc 2 


20 WORKS IN MATHEMATICS, ETC., 


MATHEMATICS, &c. 


Gregory's Practical Mathematics. 


ares HEMATICS for PRACTICAL MEN ; being a Common: 
‘a ce Book of Pure and Mixed Mathematics. Designed chiefly 
or the Use of Civil Engineers, Architects, and Surveyors. Part I. 

PURE MATHEMATICS—comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixep MATHEMATICS—comprising Mechanics in general, 

Statics, Dynamics, Hydrostatics, [l]ydrodynamics, Pneumatics, 

Mechanical Agents, Strength of Materials, With an Appendix of 
copious Logarithmic and other Tables. By OLINTHUS GREGORY, 

LL.D., F.R.A.S. Enlarged by HENry Law, C.E. qth Edition, 
carefully revised and corrected by J. R. YOUNG, formerly Profes- 
sor of Mathematics, Belfast College ; Author of “A Course of 
Mathematics,” &c. With 13 Plates. Medium 8vo, 14, 35, cloth. 

“ The engineer or architect will here find ready to dus hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. The rules are in all cases 
explained b 1 ic of examples, in which every step of the process is clearly worked 
out,”—Bur 

‘‘One of the most serviceable books to the practical mechanics of the country. 

. . Inthe edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 

bave eseap here and there, and corrected the numerous typographical errors which 

ve escaped the eyes of the former Editor, The book is now as complete as it is 

ssible to make it. It is an instructive book for the student, aud a Text- 

nt for him who having once mastered the subjects it treats of, needs "occasionally to 
refresh his memory upon them,”—Bzilding News. * 
** As a standard work on mathematics it has not been excelled,"—A rtizan. 


The Metric System. 


A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLinG, C. E. Second Edition, revised and enlarged. 8vo, 
Ios. 6d. strongly bound, 


**Mr. Dowling’s Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other.” —<A thenaust. 

““Their accuracy has been certified by Prof. Airy, Astronomer-Royal.”— Budlder. 

** Reselution 8.—That advantage will be derived from the recent publication of 
Metric Tables, by C. H. Dowling, C.E.”—Report of Section F, Brit. Assoc., Bath, 


Comprehensive W. vight Calculator. 


THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from rlb. to 15 tons, at 300 Pro- 
gressive Rates, from 1 Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly ‘to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch, By HENRY HARBEN, Accountant, Sheffield, Author 

of “The Discount Guide.” An entirely New Edition, ‘carefully 
revised, Royal 8vo, strongly half-bound, 1/. 55. [fest published, 
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Comprehensive Discount Guide. 


THE DISCOUNT GUIDE: comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts: to which 
are added Tables of Profit or Advance from 1} to 90 per cent., 
Tables of Discount from 1} to 98% per cent., and Tables of Commis- 
sion, &c., from 4 to 10 per cent. By HENRY HARBEN, Accountant, 
Author of ‘‘ The Weight Calculator.” New Edition, carefully Re- 
vised and Corrected. Demy 8vo (544 pp.), half-bound, #1 5s. 


Inwood's Tables, greatly enlarged and improved. 


TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodie$; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart’s Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By WILLIAM INWoop, Architect. The 20th edition, with 
considerable additions, and new and valuable Tables of Legarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F&por THoMman, of the Société 
Crédit Mobilier of Paris, 12mo, 8s. cloth. 

*¢ Those interested In the purchase and sale of estate$, and in the adjustment of 
compensation cases, as well as in transactions it annuities, life insurances, &c., will 
find the present edition of eminent service.”——Engincering. 

“* Inwood’s Tables’ still maintain a most enviable reputation. The new issue has been 


enriched by large additional contributions by M. Fédor Thoman, whose carefully 
arranged Tables cann‘t fail to be of the utmost utihty.”—Mining Fournad, 


Geometry for the Architect, Engineer, ©'e. 
PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. TARN, 
M.A., Architect, Author of ‘‘ The Science of Building,” &c. 
With 164 Illustrations. Demy 8vo. 125. 6a. cloth. 


‘““No book with the same objects in view has ever been published in which the 
clearness of the rules laid down and the illustrative diagrams have been so satis- 
factory.”—Scotsman. 


Compound Interest and Annuttzes. 


THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes, With an elaborate Intro- 
duction. By Fépor THOMAN, of the Société Crédit Mobilier, 
Paris, 3rd Edition, carefully revised and corrected. 12mo, 45. 6a. cl. 


A very powerful work, and the Author has a very remarkable command of his 
subject.” —Professor A. de Morgan. 
‘We recommend it to the notice of actuaries and accountants.” —A fheneume, 
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SCIENCE AND ART. 


Dentistry. 


MECHANICAK DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formule, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc. By CHARLES HUNTER. With 
numerous Wood Engravings. Crown 8vo, 7s. 6a. Cloth. 

“The work is very practical.” —Afoxthly Review of Dental Surgery 


‘* An authoritative treatise. .... Many useful and practical hints are scattered 
throughout the work, while its value as a text book is enhanced by numerous illus- 
trations. We can strongly recommend Mr. Hunter’s treatise to all students pre- 
paring for the profession of dentistry, as well as to every mechanical dentist.”—~ 
Dublin Fournal of Medical Science. 


Brewing. 


A HANDBOOK FOR YOUNG BREWERS. By HERBERT 
EDWARDS WRIGHT, B.A. Crown 8vo, 35. 6d. cloth. 
‘‘A thoroughly scientific treatise in popular language. It is evident that the 


author has mastered his subject in its scientific aspects." — Morning Advertiser, 
** We would particularly recommend teachers of the art to place it in every pupil’s 
L 
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hands, and we feel sure its perusal will be attended with advantage. ”— 


Lhe Military Sciences. 


AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions ,of Officers and others connected with the dif- 
ferent Services, Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, 4/, 10s. 
‘A compendious encyclopxdia of military knowledge."—Adinburgh Review 


** The most comprehensive work of reference to the military and collateral sciences.” 
~~Volunteer Service Gazetie. 


field Fortification. 


A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON. 
NOITRING. By Colonel I. S. Macautay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, 12s. complete. 


Dye-Wares and Colours. 


THE MANUAL ot COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications, 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J, 
W. SLATER. Post 8vo, 75. 6a. cloth. 

‘*A complete encyclopadia of the materia tinctoria. The information is full 


and precise, and the methods of determining the value of articles liable to sophistica- 
tion, are practical as well as valuable.”"——Chemist and Druggist. 
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Lext-Book of Electricity. 


THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By 
HENRY M. Noapn, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, Vice-President of the Society of Telegraph 
Engineers, &c. Illustrated with 470 Illustrations. Crown 8vo, 
12s, 6d. cloth. [ Fust published, 


‘fA reflex of the existing state of Electrical Science adapted for students.” — 
W. H. Preece, Esq., vide ** Introduction.” 

“We can recommend Dr. Noad’s book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable,”— 4 then use. 

‘* An admirable text-book for every student--beginner or advanced—of electricity.” 
—AENLINCCTINE. . 

‘‘ A most elaborate compilation of the facts of electricity and magnetism,” —Popular 
Science Neview. 


Electricity. 
A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magno-Electricity, and 
the Electric Telegraph. By HENRY M. Noap, Ph.D., F.C.S., 
Fourth Edition, with 500 Woodcuts. 8vo, 1/. 45. cloth. 


‘The accounts given of electricity and galvanism are not only complete in a scientific 
sense, but, which 1s a rarer thing, are popular and interesting.” —Lancet. 


Rudimentary Magnetism. 


RUDIMENTARY MAGNETISM: being a concise exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
NoaD, Ph.D. With 165 Woodcuts. 12mo, cloth, 45. 

** As concise and lucid an exposition of the phenomena of magnetism as we believe 

it is possible to write.”—ZAnglish Mechantc. 
‘*’Fhe best possible manual on the subject of magnetism.” —Mechanics’ Magazine. 


Chemical Analysis. 


THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. NORMANDY, Author of ‘* Prac- 
tical Introduction to Rose’s Chemistry,” and Editor of Rose’s 
‘* Treatise on Chemical Analysis.” Mew £udition, Enlarged, and 
to a great extent re-written, by HENRY M. Noab, Ph. D., F.R.S, 
With numerous Illustrations. Cr. 8vo, 12s. 6d. cloth. 

‘We recommend this book to the careful perusal of every one; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner.”—~ 
Medical Times. 

“‘ Essential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully wmitten.”"—Nature. 


Mollusca, 


A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woobwarp, A.L.S. 
With Appendix by RALPpH Tare, A.L.S.,F.G.5. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 75. 6d. cloth. 
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Gold and Gold-Working. 


THE PRACTICAL GOLD-WORKER; or, The Goldsmith’s 
and Jeweller’s Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, reget S and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
pertics of Gold, with a new System of Mixing its Alloys; Solders, 
“namels, and other useful Rules and Recipes, &c. By GEORGE 
E. GEE. Crown 8vo, 7s. 6¢. cloth. 


‘A good, sound, technical educator, and will be generally accepted as an 
authority. It gives full particulars for mixing alloys and enamels, is essentially a book 
for the workshop, and exactly fulfils the purpose intended.”—/orolegical FYournal. 

“©The best work yet printed on its subject for a reasonable price. We have no 
doubt that it will speedily become a standard book which few will care to be with- 
out. "—— Feweller and Metalworker. 


Silver and Silver Working. 


THE SILVERSMITIVS HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting,the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda, 
By GEORGE E. GEE, Jeweller, &c. Crown 8vo, with numerous 
illustrations, 75. 6. cloth. 

‘This work is destined to take up as good a position in technical litcrature as the 


Practical Goldworker, a book which has passed through the ordeal of critical ex- 
amination and business tests with great success.” — Jeweller and Metalworker. 


Clocks, Watches; and Bells. 


RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir EpMuNp Beckett, Bart. (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of ‘* Astronomy with- 
out Mathematics,” &c. Sixth edition, thordughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale’s Series), 45. 6¢. ; cloth boards, 55. 6d. 
‘** As a popular and practical treatise it is unapproached.”—Huplish Mechanic. 
“The best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. ‘T’o call it a rudimentary treatise is a misnomer, 
at least as respects clocks and bells. It is the most important work of its kind in 
Enylish."— Aaginee ring. 
‘*The only modern treatise on clock-making.”—Horolopical Journal, 


‘* This admirable treatise on clocks, by the most able authority on such a subject, 
is completely perfect of its kind.” —Standard. 





Scrence and Scripture. 


SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT; being a Series of Essays on—t. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth; 3. The Mosaic Cosmogony; 4. Miracles in 

eneral— Views of Hume and Powell; 5. The Miracle of Joshua— 

iews of Dr. Colenso: The Supernaturally Impossible; 6. The 
Age of the Fixed Stars—their Distances and Masses, By Professor 
J. R. YounG. Fcap. 8vo, §5. cloth. 


** Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical ability, and by a style peculiarly clear, casy, and encrgetic.”—Nonconformist. 
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DR. LARDNER’S POPULAR WORKS. 


b ] e 
Dr. Lardner's Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
Dionysius LARDNER, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. Wivh up- 
wards of 1200 Engravings on Wood. In 6 Double Volumes. 
Price £1 1s., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 315. 6d. 

‘The ‘Museum of Science and Art’ is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society.”—Si7 David 
Brewster in the North British Review. 

‘¢Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." —A.xamezner. 


** Separate books formed from the above, suitable for Workmen's 
Libraries, Science Classes, &t. 


COMMON THINGS EX'PLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5s. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 25. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popdlar Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s. 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 8g Illustrations, cloth gilt, 25. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens, The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, Kc. 182 Illustrations, 45. 6d. 

THE BEE AND WHITE ANTS: Their Manners and Habits. 
With Ilustrations of Animal Instinct and Intelligence. 135 Ilus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Kead, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, 1s. 6a. 


Screntific Class-Books, by Dr. Lardner. 


NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LARDNER. 
328 Illustrations. Sixth Edition. I vol. 3s. 6d. cloth. 
‘‘Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science.”—British Quarterly Review. 
ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. LARDNER. 
With rgo Illustrations. Second Edition. 1 vol. 3s. 6¢. cloth. 


‘¢ Clearly written, well arranged, and excellently illustrated.”—Gardeners' Chronicle. 
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DR. LARDNER’S SCIENTIFIC WORKS. 


Astronomy. 


THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited 
by EDWIN DuNKIN, F.R.S., Rl. Observatory, Greenwich. With 
, 38 plates and upwards of 100 Woodcuts, Cr. 8vo, gs. 6. cloth. 
** Probably no other k contains the same amount of information in so com- 
pendious and well-arranged a form.”—A thenaum. 


Animal Physics. 


THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Hlustrations. New edition, small 8vo, cloth, 75. 6d. 732 pages. 
**' We have no hesitation in cordially recommending it.” —Eadacational Times. 


Electric Telegraph. 


THE ELECTRIC TELEGRAPH. New Edition. By E. B. 
BRIGHT, F.R.A.S. 140 Illustrations. Small 8vo, 2s. 6d. cloth. 
“One of the most readable books extant on the Electric Telegraph.”"—Exg, Mechanic. 


LARDNER’S COURSE OF NATURAL PHILOSOPHY. 


Mechants. ‘ 
THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by BENJAMIN Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 

‘‘The perspicuity of the original has been retained, ' and chapters which had 
become obsolete, have been replaced by others of more modern character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life.”-—A/ining Journal, 


fleat., 
THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by BENJAMIN’ Logwy, F.R.A.S. etc. 117 Illustra- 
tions. Post 8vo, 6s. cloth. 
‘The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind."—Lingineering. BY 
flydrostatis and Pneumaties. 
THE HANDBOOK of HYDROSTATICS and PNEUMATICS, 
New Edition, Kevised and Enlarged by BENJAMIN LOEWY, 
F.R.A.S. With 236 Illustrations. Post 8vo, 5s. cloth. 
“* For those ‘ who desire to attain an accurate knowledge of physical science with- 


out the profound methods of mathematical investigation,’ this work is not merely in- 
tended, but well adapted.”—Chemtical News. 


Electricity, Magnetism, and Acoustics. 
THE HANDBOOK of ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Gro. CAREY FosrEr, 
B.A., F.C.S. With 400 Illustrations. Post 8vo, §s. cloth. 


*“* The book could not have been entrusted to any one better calculated to preserve 
the terse and lucid style of Lardner, while correcting his errors and bringing up his 
work to the present state of scientific knowledge.”—Fopular Sctence Keview, 


Optics. 
THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. OLVER HARDING, B.A. 298 Illustrations. Post 8vo, 5s. cloth. 
‘* Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated.”—~ Mechanics’ Mayazine. 
+,” The abvve § Vols. form A COMPLETE CouRSE OF NATURAL 
PHILOSOPHY. 
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Woods and Marbles (I[mitateon of ). 


SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. VAN DER BurG, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates; also 
12 Plain Plates, comprising 154 Figures. Royal folio, bound, 
2/. 12s. 6d. [ Hust published. 


Pictures and Patnters. 
THE PICTURE AMATEUR’S HANDBOOK AND DIC: 
TIONARY OF PAINTERS: being a Guide for Visitors to 
Public and Private Picture Galleries, and for Art-Students, in- 
cluding an explanation of the various methods of Painting ; In- 
structions for Cleaning, Re-Lining, and Restoring Oil Paintings ; 
A Glossary of Terms; an Historical Sketch of the Principal Schools 
of Painting ; and a Dictionary of Painters, giving the Copyists 
and Imitators of each Master. By PHILIPPE DARYL, B.A. Crown 
8vo, 35. 62. cloth. 

“The bulk of the book is occupied hy a dictionary of painters which, considering 
its small compass, is really admiralfe ; the utility of a table of dates of painters in so 
portable a form is unquestionable. We cordially recommend the book.” —Bxzlder. 


‘Useful as bringing together in a compendious form an almost complete bio- 
graphical stock of information respecting the painters of the world.”—JZay/aitr. 


Popular Work on Painting. 


PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By THoMas JOHN GULLICK, 
Painter, and JOHN Tims, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small vo, 65. cloth, 
*" This Work has been adopted as a Prizesbook in the Schools of 
Art at South Kensington. - 
‘* Contains a large amount of original matter, agreeably conveyed.” —Buslder. 


“* Much may be learned, even by those who fancy they do not require to be taught, 
from the careful perusal of this unpretending but comprehensive treatise,"—A rt Fournal, 


Grammar of Colouring. 
A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By GkoRGE FIeLp. New edition, en- 
larged and adapted to the use of the Ornamental Painter and 
Designer, by ELLIs A. Davipson. With new Coloured Diagrams 
and numerous Engravings on Wood. r2mo, 3s. 6d. cloth boards. 
‘* The book is a most useful résuené of the properties of pigments.” —Buzlder. 


**One of the most useful of students’ books, and probably the best known of the 
few we have on the subject."—<A rchitec?. 


Wood-Carving. 
INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design, By A Lapy. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d. 


“©The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
rom ‘A Lady’s’ publication.”—A thenaum. 


Letter Painting. | 
THE ART OF LETTER PAINTING MADE EASY. By 
JAMES GREIG BADENOCH. Illustrated with Twelve full page 
Enpravings of Examples, &c. 12mo. Is. cloth. [Fust published, 
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Delamotte's Works on Illumination & Alphabets. 


A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners: with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. DELA- 
YOTTE. Small qto, 9s. Elegantly bound, cloth antique. 


** A handy book, beautifully illustrated; the text of which is well written, and cal- 
culated to be useful. . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste,” —A thenaum. 


ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for I]lumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&e. &c. &c. Collected and engraved by F. DELAMOTTE, and 
printed in Colours, New and Cheaper Edition. Royal 8vo, 
oblong, 2s. 6d. ornamental boards. - Fust published. 

**A well-known engraver and draughtsman has enrolled in this uSeful book the 
result of many years’ study and research, For those who insert enamelled sentences 


round gilded chalices, who blazon shop legends over sed Hanan who letter church 
walls with pithy sentences from the Decalogue, this book will be useful. "—A shenaum. 


EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old Inglish, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c, Collected and engraved by F. DELAMOTTE, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s. 62. ornamental boards. ., [Faust published. 

** To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There 1s comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent whic 


has been expended in the conception of the various plain aad ornamental letters is 
wonderful.” —S tandard, 


MEDIA'VAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. DgELAMOTTE, Illuminator, Designer, and 
Engraver on Wood, Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. WILLIs 
Brooks. Small gto, 6s. cloth gilt. 

‘* A volume in which the letters of the alphabet come forth glorified in gilding and 
ali the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A pocm emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
wail selected and cleverly arranged. ”"—S. 


THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Medizval and Modern Alphabets, and National 
Emblems. Collected and engraved by F. DELAMOTTE, and 
printed in Colours, Oblong royal 8vo, 15. 6d. in ornamental boards. 
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AGRICULTURE, GARDENING, &c. 


Potato Culture. 


POTATOES, HOW TO GROW AND SHOW THEM: A 

Practical Guide to the Cultivation and General Treatment of the 

Potato. By JAMEs PINK, Author of ‘‘ How to Grow One Thou- 

sand Pounds of Potatoes from 1 lb. of Seed.” With Illustrations. 

Second Edition. Cr. 8vo, 2s. cloth. [Fust published, 

‘A well written little volume. The author gives good practical instructions 
under both divisions of his subject."—Agricultural Gazette. 


“* Cordial praise must be given to Mr, Pink for his thoroughly practical and useful 
work.”-—Daily Chronicle. 


Kitchen Gardening. 
KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, with cultural directions for the 
management of them all the year round. By GrorGE M. F. 
GLENNY, [Editor of ‘‘Glpnny’s Mlustrated Garden Almanack,” &c. 
With Ilustrations, t2mo, 2s. cloth boards. [Fust Published, 


** As a guide to hardy kitchen gardening, this book will be found trustworthy and 
useful to the many who cannot spare the time to consult more comprehensive and 
detailed works.”’—.Vorth British clgricudturist. 


Bulb Culture. 


THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
SAMUEL Woon, Author of ‘‘Good Gardening,” etc. With 
Coloured llustrations, Plans, and numerous Wood Engravings. 
Crown 8vo, 35. 6d. cloth. . 
“Supplies the want which has hitherto existed of any sufficiently modern work of 
the kind. The book contains practical suggestions as to the arrangement of 


the flowers, and the gro of flower-roots for the trade, as well as for amusement.” 
—Saturday Review. 


Production of Meat. 


MEAT PRODUCTION. A Manual for Producers, Distributors, 

and Consumers of Butchers’ Meat. Being a treatise on means of 

increasing its Hlome Production. Also comprehensively treating 

of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 

yielding Live Stock ; Indications of the Quality ; Means for Pre- 

serving, Curing, and Cooking of the Meat, etc., etc. By JoHNn 

Ewart, author of ‘The Land Improvers Pocket Book,” etc. 
With numerous Illustrations. Cr. Svo, 5s. cloth, 

‘‘ A compact and handy volume on the meat question, which deserves serious and 

thoughtful consideration at the present time, when the question of the food supply of 


the country has become one of the leading topics of the day.”—Afezt and Provision 
Trades’ Review. 


Flistory, Structure, and Deseases of Sheep. 
SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 45. cloth. [Fest published, 
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Good Gardening. 


A PLAIN GUIDE TO GOOD GARDENING; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Woop. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, 55. cloth. 

‘* A thoroughly useful guidebook for the amateur gardener.”— Daily Telegraph. 


“A vo ood book, and one to be highly recommended as a practical guide. 
The practical directions are excellent.”’—A thesaeum. 


Gainful Gardening. 


MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, soasto realise £176 per annum clear Profit. By SAMUEL 
Woop, Author of ‘‘ Good Gardening,” &c. 3rd Edition, revised. 
With Wood Engravings. Cr. 8vo, 25. cloth. 


We are bound to recommend it as not only suited to the case of the amateur and 
gentleman’s gardener, but to the market grower."—Gandener'’s Magasine. 


Culture of Fruit Trees. 
FRUIT TREES, the Scientific and vrofitable Culture of. From 
the French of Du BREuIL, revised by GEO. GLENNY, 187 
Woodcuts. 3r2mo, 4s. cloth. 


Scott Burn's System of Modern Farniung. 


OUTLINES OF MODERN FARMING. By R. Scorr Burn. 
Soils, Manures, and Crops—Farming and Farming Economy— 
Cattle, Sheep, and Horses—Management of the Dairy, Pigs, and 
Poultry —Utilisation of Town-Sewage, Irrigation, &c. New Edition. 
In 1 vol. 1250 pp., half-bound, profusely illustrated, 125, 


‘*There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations.” —Odserver, 


Ewart’s Land Improver’s Pocket-Book. 


THE LAND IMPROVER’S POCKET BOOK OF FOR. 
MUL, TABLES, and MEMOKLANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
erty. By JoHN Ewart, Land Surveyor and Agricultural Engineer. 
oyal 32mo, oblong, leather, gilt edges, with elastic band, 45. 
“A compendious and handy little volume.”’—Sfectator, 


Hudson's Tables for Land Valuers. 


THE LAND VALUER’S BEST ASSISTANT: Seiad Sacto 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hupson, C.E, 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4s. 
“Of incalculable value to country gentlemen and professional men.”-—Farmer's Journal, 


Complete ‘Agricultural Surveyors Pocket-Book. 


THE LAND VALUER’S AND LAND IMPROVER’S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 75. 6d. 

“We consider Hudson’s book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Kir. 
Ewart’s work greatly enhances the value and usefulness of the latter-mentioned . . 
It is most useful as a manual for reference.”—North af England Farmer. 
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Youatt and Burn’s Complete Grazier. 


THE COMPLETE GRAZIER, and FARMER’S and CATTLE. 
BREEDER’S ASSISTANT. A Compendium of Husbandry. 
By WILLIAM YOUATT, EsqQ., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By RoBERT ScoTT Burn, Author of,‘‘The 
Lessons of My Farm,” &c. One large 8vo volume, 860 pp. with 244 
Illustrations, 1/. 1s. half-bound. 

** The standard and text-book, with the farmer and grazier.”.—Farmer’s Magazine. 


“* A treatise which will remain a standard work on the subject as long as British 
agriculture endures.” —Jlark Lane Express. 


Donaldson and Burn’s Suburban Farming. 


SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor JouNn 
DonaLpson. With considerable Additions, Illustrating the more 
Modern Practice by RogerT Scotr Burn. With numerous 
Illustrations. Crown 8vo, 6s. cloth. 


“ An admirable treatise on all fiatters connected with the laying-out and cultivation 
of dairy farms.” —Live Stock Journal, 


Scott Burn's Introduction to Farming. 


THE LESSONS of MY FARM: a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c. By R. Scorr BuRN. With numerous Illus. Fcp. 6s. cl. 


**Acomplete introduction to the whole round of farming practice.”—Fohn Bull. 


° . | 
Auctioneer’s Assistant. ' 


THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER’S POCKET AS- 
SISTANT, forethe Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally ; 
with Prices for Inventories, &c. By JOHN WHEELER, Valuer, &c. 
Fourth Edition, enlarged, by C. Norris. Royal 32mo, cloth, 55. 
** A neat and concise book of reference, containing an admirable and clearly- 


arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &c.”—Standard. 


The Management of Estates. 


LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Farming, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. ScoTT Burn, 
Fcp. 8vo. numerous Illustrations, 35. 6d. 


** A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates.”’— Fows nal of Forestry. 

** A very useful vade-mecum to such as have the care of land."”—Géobe, 

‘‘Should be in the hands of all young men whose pursuits are im any way con- 
nected with land.”----Zstates Gasette. 

‘* A valuable and important work on a subject of imperative moment, as there is a 
large and daily increasing demand for farm produce of all kinds,"—/'aromer's Herald. 
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“A Complete Epitome of the Laws of this 


Country.” 
EVERY MAN’S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A BARRISTER, 16th Edition, 
Revised to the end of last Session. Including a Summary of the 
principal Acts of the past Session (1878), viz. :—The Bills of Sale 
Act, The Weights and Measures Act, The Dentists Act, The 
Public Health Act (as to the Supply of Water to Dwelling- 
houses), The Matrimonial Causes Act (as to aggravated Assaults 
upon Wives), &c., &c. With Notes and References to the Au- 
thorities. Crown 8vo, price 65, 8d. (saved at every consultation), 


strongly bound. Fust published, 
COMPRISING THE LAWS OF 
BANKRUPTCY—BILLS OF EXCHANGB—CONTRACTS AND AGREEMENTS-—-COPYRIGHT 
—DowER AND Drvorce—ELECTIONS AND REGISTRATION—INSURANCE— LIBRL 
AND SLANDER—MorTGAGES— SETTLEMENTS~STOCK ExcHANGH PRACTICE— 
Trapge MARKS AND PATENTS—TRESpaASS, NUISANCES, ETC.—TRANSFER OF 
LAND, ETC.—-WARRANTY—WILLS AND AGREEMENTS, ETC. Also Law for 
Landlord and Tenant-—-Master and Servant—Workmen and Apprentices—Heirs, 
Devisees, and Legatees— Husband and Wife— Executors and Trustees—Guardian 
and Ward—Married Women and Infants—Pdartners and Agents—Lender and 
Borrower—Debtor and Creditor—Purchaser and Vendor—Companies and Asso- 
ciations— Friendly Societies—Clergymen, Churchwardens—Medical Practitioners, 
&c,—Bankers—Farmers—Contractors--Stock and Share Brokers—-Sportsmen 
and Gamekeepers---Farriers and Horse-Dealers—Auctioneers, House-Agents— 
Innkeepers, &c.—Pawnbrokers—Surveyors— Railways and Carriers, &c., &c. 

** No Englishman ought to be without this book.”"—Eugineer. 

‘* What it professes to be—a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers, The book is a handy one to have in readiness 
when some knotty point requires ready solution.”—Bel/’s Life. 

‘* A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may rea@, and he who reads may understand.” -FfZgare. 

“A useful and concise epitome pf the law, compiled with considerable care.”— 
Law Magazine. 

** Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we duubt not, prove of considerable worth.”—Lconomeist. 


a 


Auctioneering. 
AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 


By ROBERT SQuibKs, Auctioneer. Demy 8vo, los. 6¢. cloth. 
[Hust published. 


‘“Mr. Squibbs writes with evident knowledge of his subject and shrewd common 
sense. His book should be useful to young auctioneers, and serviceable for 
reference even to old ones,’ —Scotsman. 


Flouse Property. 
HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Epwarp 
LANCE TARBUCK, Architect and Surveyor. I2mo, $s. cloth boards. 


“We are glad to be able to recommend it.” —Builder. 
** The advice is thoroughly practical."—Law Journad, 
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Bradbury, Agnew, & Co., Printers, Whitefriars, London. 
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Coal and Coal Mining. 


COAL AND COAL MINING: a Rudimentary Treatise on. By 
WARINGTON W. SmyTH, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown. New edition, revised and corrected. 
I2mo, with numerous []lustrations, 4s. cloth boards. 


** Every portion of the volume appears to have been prepared with much cafe, and 
as an outline is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers.”—Mining Fournal, 


Earthwork. 


EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By JoSEPH BROADBENT, C,E., and FRANCIS 
CAMPIN, C.E, Cr. 8vo, oblong, 55. cloth. 

‘The way in which accuracy is attained, by a simple division of each cross 


section into three elements, two of which are constant and one variable, is in- 
genious.” A thenwum., 





e e FP) e 
Lrigonometrical Surveying. 
AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By LizuT.-GEN. FRomE, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By CAPTAIN CHARLES WARREN, R.E, With 
19 Plates and 115 Woodcuts, royal Svo, 16s., cloth. 
tf 
Fire Engineering. 
FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of FMe-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Bngades, &c., &c. 
By CHARLEs F. T. Younc, C.E, With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, 1/. 45. cloth. 
‘* We can most heartily commend this book.” —£ gineering. 


‘We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades.”—Mechanics’ Magazine, 


Manual of Mining Tools. 


MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By WILLIAM Morcans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, Volume of Text. 
12mo, 3s. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s. Together, gs. cloth boards. 


“Students in the Science of Mining, and Overmen, Captains, Managers, and 
Viewers may gain practical knowledge and useful hints by the study of Mr. 
Morgans’ Manual.”—Collery Guardian. 

“A valuable work, which will tend materially to improve our mining litera- 
ture.”—Mining Journal, 
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Engineering Fieldwork. 


THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION, By W. 
Davis HASKOLL, C.E. Numerous folding Plates. Demy 8vo, 2 
vols. in one, cloth boards, 17, 55. (published at 2/. 45.) 


Waterworks for Czties and Towns. 
WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By SAMUEL ILUGHES, 
C.E. New and enlarged edition, 12mo, 45. 6d. cloth. 


“One of the most convenient, and at the same time reliable works on a subject, 
the vital importance of which cannot be over-estimated.”—Srad/ord Observer. 


Steam. 
THE SAFE USE OF STEAM: weontaining Rules for Unpro- 
fessional Steam Users. Byan ENGINEER, 4th Edition. Sewed, 6d. 


“‘ If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity."—Angitsh Alechanic. 


Field-Book for Engineers. 


THE ENGINEER’S, MINING SURVEYOR’S, and CON. 
TRACTOR’S FIELD-BOOK. By W. Davis Hasxko 1, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute ascuracy by means of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Therdolite by Tangential 
Angles and Multiples with Right znd Left-hand Readings of the 
Instrument; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous wood-cuts. Fourth Edition, enlarged. Crown 8vo. 
12s, cloth. 
‘‘The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existing all the same.” —A thenaumn. 


‘“‘ The work forms a handsome pocket volume, and cannot fail, from its portability 
re utility, to be extensively patronised by the engineering profession.” —A/ ising 


Earthwork, Measurement and Calculation of. 


A MANUAL on EARTHWORK. By Avex. J. S. GRAHAM, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams, 18mo, 2s, 6¢. cloth. 

** As areally handy book for reference, we know of no work equal to it; and the 


railway ee and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 


required in the engineers’ contractor’s offices.”—Arfizan. 
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Bridge Construction in Masonry, Timber, & Lron. 


EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC.- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis HAsKOLL, C.E. Second Edition, with 
the addition of §54 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams, Imp. 4to, 2/. 125. 6d. half: 
morocco, 


** One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of the railway engineer. . . . A work of 
the present nature by a man of Mr. Haskoll’s experience, must prove invaluable to 
hundreds. The tables of estimates appended to this edition will considerably enhance 
its value.”"—Augineering. 


Drawing for Engineers, &'e. 


THE WORKMAN’S MANUAL OF ENGINEERING 
DRAWING. By JOHN Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R.S.N.A., 
south Kensington. Third Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. 12mo, cloth, strongly bound, 4s. 


** Even accomplished draughtsmen will find in it much that will be of use to them. 
A copy of it should be kept for reference in every drawing office.” —Enugineerisg. 
** Indispensable for teachers of engineering drawing.” —Mechanics’ Magasine. 


Oblique Arches. 


A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By Joun Harr. Third Edition, with 
Plates, Imperial 8vo, 8s. cloth, : 


Oblique Bridges. 


A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with T3 large folding Plates. By Gro. WATSON 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
BaRLow, M. Inst. C.E. Imperial 8vo, 125. cloth. 


“‘The standard text book for all engineers regarding skew arches is Mr. Buck's 
treatise and it would be impossible to consult a better.”—Lagineer. 


Wealés Dictionary of Terms. 


A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAOLOGY, the FINE ARTS, &c. By JoHN WEALE, 
Fifth Edition, revised and corrected by ROBERT Hunt, F.R.S., 
Keeper of Mining Records, Editor of ‘‘ Ure’s Dictionary of Arts,” 
&c. 1r2mo, cloth boards, 6s. 


The best small technological dictionary in the language.” —A rchttect. 

“There is no need now to speak of the excellence of this work ; it received the ap- 
proval of the community long ago. Edited now by Mr. Robert Hunt, and published 
in a cheap, handy form, it will be of the utmost service as a book of reference scarcely 
to be exceeded in value.”—Scotsman. 

“The absolute accuracy of a work of this character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete,”--Mining Journal. 


12 WORKS IN NAVAL ARCHITECTURE, ETC., 


NAVAL ARCHITECTURE AND 
NAVIGATION, ETC. 


Pocket Book for Naval A rchitects& Shipbuilders. 
“THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 
POCKET BOOK OF FORMULA, RULES, AND TABLES 
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY 
BOOK OF REFERENCE, By CLEMENT Mackrow, Naval 
Draughtsman, Associate of the Institution of Naval Architects. 
With numerous Diagrams, &c. 12mo, strongly bound in leather, 
with elastic strap for pocket, 125. 6d. [ Fust ready. 


Grantham’s Iron Ship-Building. 


ON IRON SHIP-BUILDING ; ‘with Practical Examples and 
Details, Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, 12mo, cloth limp. 

By JOHN GRANTHAM, M. Inst. C.x., &c. 2/, 25, complete. 
** A very elaborate work. . . . It forms a most valuable addition to the history 
of iron shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 


will recommend it as one of practical utility to all interested in shipbuilding.” —A roy 
and Navy Gazette. 





‘“‘Mr. Grantham’s work is of great interest. . . . It is also valuable as a record 
of the progress of iron shipbuilding. . . . It will, we are confident, command an 
extensive circulation among shipbuilders in general. . . . By order of the Board 


of Admiralty, the work will form the text-book on which the examination in iron ship- 
building of candidates for promotion in the dockyards will be mainly based." 
Engineering. ‘ 


Pocket-Book for Marine Engineers. 


A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formule in a compact form. By FRANK 
Proctor, A.IN.A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, 45. 


‘*We recommend it to our readers as going far to supply a long-felt want,’ 
Naval Science. 


‘** A most useful companion to all marine engineers."”-—United Service Gazette. 


‘‘Scarcely anything required by a naval engineer appears to have been for- 
gotter.”—-/ron. 


Light-fTouses. 


EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major GEORGE H. 
E.LiiotT, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 215, cluth. 


Surveying (Land and Marine). 


LAND AND MARINE SURVEYING, in Reference to the 

Preparation of Plans for Roads and Railways, Canals, Rivers, 

Towns’ Water Supplies, Docks and Harbours ; with Description 

and Use of Surveying Instruments. By W. Davis HASKOLL, C.E. 

With 14 folding Plates, and numerous Woodcuts, 8vo, 12s. 6d. cloth. 
‘A most useful and well arranged book for the aid of a student.”—Builder, 


*‘Of the utmost practical utility, and may be safely recommended to all students 
who aspize to become clean and expert surveyors.”—Mining F. 
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Storms. 


STORMS: their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds, 
By WiLu1AM Biasius. With Coloured Plates and numerous 
Wood Engravings. Crown 8vo, 10s. 6d. cloth boards. 


Rudimentary Navigation, 


THE SAILOR’S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. Part I. How to keep the Log and Work it off. Part IT. 

On Finding the Latitude and Longitude. By JAMES GREEN- 

woop, B.A. To which are added, the Deviation and Error of the 
Compass; Great Circle Sailing ; the International (Commercial) 
Code of Signals ; the Rule of the Road at Sea ; Rocket and Mortar 
Apparatus for Saving Life; the Law of Storms ; and a Brief 
Dictionary of Sea Terms, With numerous woodcuts and coloured 
plates of flags. New, thoroughly revised and much enlarged 
edition, By W. HH. ROSSER, Author of the ‘* Deviation of the 
Compass considered practically, ” * The Yachtsman’s Handy-Book 
for Sea Use,” &c., &c. 42mo0, 3s. cloth boards. [ust published. 


Mathematical and “Nautical Tables. 


MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on 
Logarithms. By HreNry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Younc, formerly Professor of Mathematics in Belfast College. 
New Edition. 12mo, 45. cloth boards. | Fust published, 


Navigation (Practical), with Tables, 

PRACTICAL NAVIGATION : consisting’ of the Sailor’s Sea- 
Book, by JAMES GREENWouD and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
.R. Younc, Illustrated with numerous Wood Engravings and 
Coloured Plates. 12mo, 7s. strongly half bound in leather. 

[Fust published, 


WEALE’S RUDIMENTARY SERIES. 


The following books in Naval Architecture, etc., are published in the 
above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Ropert Kiprinc, N.A. Fourteenth Edition, Illustrated. 
I2mo, 25. GW. cloth boards. 

SAILS AND SAIL-MAKING. Tenth Edition, enlarged, with an 
Appendix. By RoBerT Kirpinc, N.A. Illustrated. 12mo, 39s. 
cloth boards. 

NAVAL ARCHITECTURE. By JAMES PEAKE. Fourth Edition, 
with Plates and Diagrams. 12mo, 4s. cloth boards. 

MARINE ENGINES, AND STEAM VESSELS. By Rospert, 
Murray, C.E. With a Glossary of Technical Terms, and their 
Equivalents in French, German, and Spanish, Seventh Edition. 
Illustrated. 12mo0, 3s. 6¢. cloth boards, 


14 WORKS IN ARCHITECTURE, ETC., 


ARCHITECTURE, &c. 


Construction. 
THE SCIENCE of BUILDING: An Elemen Treatise on 
the Principles of Construction. By E. WYNDHAM Tarn, M.A., 
‘Architect. With 47 Wood Engravings. Demy 8vo. 8». 6d. cloth. 


** A very valuable book, which we strongly recommend to all students.”—Suzlder 
** No architectural student should be without this hand-book.”-—A rchétect. 


Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters’ 
and Joiners’ work, priced according to the present value of material 
and labour. By A. C. BEATON, Author of ‘* Quantities and 
Measurements.’’ Second Edition. Carefully revised. 33 Wood- 
cuts. Leather. Waistcoat-pocket size. 15. 6:/. 


Beaton’s Builders’ and Surveyors Technical Guide. 
THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A, C. BEATON. Second Edit. 
With 19 Woodcuts. Leather. Waistcoat-pocket size. 15. 6d. 


Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. WickKEs, Architect, 
Author of “‘ The Spiresand Towers of the Medizeval Churches of Eng- 
land,” &c. 31 Plates, 4to, half morocco, g‘'t edges, 12, Is. 

*.* Alsoan Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. 2s. half morocco. 


**The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive.” —Bxilding News. 


House Painting. 
HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING: a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Exuis A. Davipson, Author of ‘* Building Construction,” &c. 
Second Edition, carefully revised. 12mo, 6s, cloth boards. 

‘’ Contains a mass of information of use to the amateur and of value to the practical 
man.” —Lnglish Mechanic. 


Wilson's Bowler and Factory Chimneys. 


BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By ROBERT 
WILson, C.E., Author of ‘‘ Treatise on Steam Boilers,” &c., &c. 


Crown 8vo, 3s. 6d. cloth. 
**A most valuable book of its kind, full of useful information, definite in statement, 
and thoroughly practical in treatment.” Zhe Local Government Chronicle. 
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A Book on Building. 


A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL. 
By Sir EpMUND BECKETT, Bart., LL.D., Q.C., F.R.A.S., 
Author of ‘‘ Clocks and Watches and Bells,” &c. Crown 8vo, 
with Illustrations, 75. 6d. cloth. 

** A book which is always amusing and nearly always instructive. Sir E. Beckett 
will be read for the raciness of his style. We are able very cordially to recermgmend 
all persons to read it for themselves. The style throughout is in the highest degree 
condensed and epigrammatic.” —77mes. 

‘**'We commend the book to the thoughtful consideration of all who are interested 
in the building art.”— Builder. 


Architecture, Ancient and Modern. 


RUDIMENTARY ARCHITECTURE, Ancient and Modern, 
Consisting of VITRUVIUS, translated by JosEPpH GwWILT, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the EARL of ABERDEEN; the ORDERS of 
Architecture, by W. 1. Lerns, Esq.; The STYLES of Archi- 
tecture of Various Countries, by T. TaLBor Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. GARBETT. 
In one volume, half-bouhd (pp. 1,100), copiously illustrated, £25. 
** Sold separately, in two vols., as follows— 
ANCIENT ARCHITECTURE. Containing Gwilt’s Vitruvius 
and Aberdeen’s Grecian Architecture. Price 6s. half-bound. 
N.B.— 7his is the only edition of VITRUVIUS procurable at a 
moderate price. 
MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury; and Design, by Garbett. 6s. half-bound. 


The Young Architet’s Book, | 


HINTS TO YOUNG ARCHITECTS. By GrorGe WIGHT- 
wick, Architect, Author of ‘‘ The Palace of Architecture,” &c., &c. 
New Edition, revised and enlarged. By G. HuskIsson GUIL- 
LAUME, Architect. Numerous illustrations. r2mo, cloth boards, 4s. 
“Will be found an acquisition to pupils, and a copy ought to be considered as 
mecessary a purchase as a box of instruments, "—A rcAitect. 
** Contains a large amount of information, which young architects will do well to 
ae if they wish to succeed in the everyday work of their profession.”—Zngtish 
echantc. 


Drawing for Builders and Students. 
PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By GEorGE PyNE, Author of a ‘‘ Rudimentary Treatise on Per- 
spective for Beginners.” With 14 Plates, 4to, 75. 6d. boards. 


Builder's and Contractor's Price Book. 


LOCKWOOD & CO.’S BUILDER'S AND CONTRACTOR’S 
PRICE BOOK for 1879, containing the latest prices of all kinds 
of Builders’ Materials and Labour, and of all Trades connected 
with Building, &c., &c. The whole revised and edited by 
Francis T. W. MILLER, Architect and Surveyor. Fcap. 8vo, 
strongly half-bound, 45, 





16 WORKS IN ARCHITECTURE, ETC., 


Handbook of Specifications. 
THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c. By Professor 
THomas L. DoNALDSON, M.J.B.A. With A REVIEW OF THE 
Law oF Conrracts. By W. CUNNINGHAM, GLEN, of the 
Middle Temple. With 33 Lithographic Plates, 2 vols., 8vo, 2. 2s. 
“* In these two volumes of 1,100 pages (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. 
Donaldson’s Handbook of Specifications must be bought by all arc itects.”—Butider. 


; 
Taylor and Cresy's Rome. 
THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. TAyLor, Esq., F.S.A., and Epwarp Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. ALEXANDER TayLor, M.A. (soh of 
the late G. L. Taylor, Esq.), Chapiain of Gray’s Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 34 3s. 
*.* Originally published in two volumes, folio, at 18/, 185, 


Specifications for Practical Architecture. 
SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveyor, and Builder; with 
an Essay on the Structure and Science of Modern Buildings. By 
FREDERICK Rocers, Architect. With numerous Illustrations, 
Demy 8vo, 15s. cloth. (Published at 1/. ros.) 

*,* A volumeof specifications ofa practical character be’ 7+ greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. He has also inserted specifications of works 
that have been erected in his own practice, 


The House-Owner's Estimator. 
THE HOUSE-OWNER’S ESTIMATOR; or, What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
_ Use of Unprofessional People as well as for the Architectural 
™ “ Surveyor and Builder. By the late JamEs D. Simon, A.R.I.B.A. 
Edited and Revised by FRANcis T. W. MILLER, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 


corrected to present time. Crown 8vo, cloth, 35. 6a. 
‘* In two years it will repay its cost a hundred times over.”"~—/te/d. 
‘‘ A very handy book for foes who want to know what a house will cost to build, 
alter, or repair.” —Luglish Mechanic. 


Useful Text-Book for Architects. 


THE ARCHITECT'S GUIDE: Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c., &c. By FREDERICK ROGERS, Architect, 
Author of. ‘‘Specifications for Practical Architecture,” &c. With 
numerous Illustrations. Crown 8vo, 6s. cloth, 
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A NEW LIST 


WEALE'S SERIES 


RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 


This popular and cheap Series of Books, now comprising nearly Three Hundred 
distinct works in almost every department of Science, Art, and Education, ts recont- 


mended to the notice of Lnginecrs, Architects, Builders, Artisans, and Students generally, 


as well as to those interested in Workmen's Libraries, Free Libraries, Literary and 
Sctentific Institutions, Colleges, Schools, Science Classes, &¢. &t. 


ce ‘SWEALE’S SERIES includes Text-Books on almost every branch of Science 
and Industry, comprising such subjects as Agriculture, Architecture and Building, Civil 
Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many miscellaneous Treatises. The whole are constantly undergoing revi- 
sion, and new editions, brought up to the latest discoveries in scientific research, are 
constantly issued. The prices at which they are sold are as low as their excellence is 
assured, "— American Literary Gazette. 


London, 1862, 
THE PRIZE MEDAL 
Was awarded to the Publishers of 
“WEALE’S SERIES.” 





CROSBY LOCKWOOD & COi, 
7, STATIONERS’ HALL COURT, LUDGATE HILL, LONDON, E.C. 
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- a CROSBY LOCKWOOD & COU’S CATALOGUE. 


WEALE'S RUDIMENTARY SCIENTIFIC SERIES. 


*,# The volumes of this Series are freely Illustrated with Wood- | 
cuts, or otherwise, where requisite. ‘Throughout the following List it must 
be understood that the books are bound in limp cloth, unless otherwise 
stated. . 

N.B.—In ordering from this List it is recommended, asa means of 
facilitating business and obviating error, to quote the numbers affixed to the 
volumes, as well as the titles and prices. | : 

«." The prices quoted are for limp cloth ; but the volumes marked with a 
t may be had strongly bound in cloth boards for 6d. extra, 












ARCHITECTURE, BUILDING, etc. 


No. 
"6, ARCHITECTURE—ORDERS—The Orders and their 
Aisthetic Principles: By W. H. Leeps. Illustrated ; Fs 


v7, ARCHITECTURE—STYLES—The History. and Descrip- 
tion of the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. TALBOT Bury, F.R.I.B.A., &c. Hilustrated . . 2/o 

*,* ORDERS AND STYLES OF ARCHITECTURE, i” One Vol, 35. 6d. 


1, ARCHITECT URE—DESIGN—The Pninciples of Design in 
Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By Epw. LAcy GARBETT, Architect. Illustrated 2/o 
*.* The three preceding Works in One handsome Vol, half bound, entitled '‘ MODERN 
ARCHITECTURE, price 6s, 


aa THE ART OF BUILDING, Rudiments of. General Prin- 
ciples of Construction, Materials used in Building, Strength and Use of Mate- 
rials, Working Drawings, Specifications, and Estimates, By Epwarp DOBSON, 
M.R.1.B.A., &c. Illustrated .. . »— « » 2fot 


23. BRICKS AND TILES, Rudimentary Treatise on the 
Manufacture of; containing an Outline of the Principles of Brickmaking. 
By Epwarp Dosson, M.R.1.B.A. With Additions by C. TomLinson, 
F.R.S, Illustrated of e ° . ® e e ry ° e e e 3/ot 

as. MASONRY AND STONECUTTING, Rudimentary Treatise 
on: in which the Principles of Masonic Projection and their application to 
the construction of Curved Wing-Walls, Domes, Oblique Bridges, and Roman 
and Gothic Vaulting, are concisely explained.“‘By EDWARD Dosson, 
M.R.I.B.A., &c. Illustrated with Plates and Diagrams . ee 


ga. COTTAGE BUILDING ; or, Hints for Improving the Dwel- 
lings of the Working Classes and the Labouring Poor. By C, BRUCE ALLEN, 
Architect. With Notes and Additions by JoHN WEALE and others. Eighth 
Edition, revised and enlarged. Numerous Illustrations 


44. FQUNDATI ONS AND CONCRETE WORKS, a Rudi- 
mentary Treatise on ; containing a Synopsis of the principal cases of Founda- 
tion Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, ranking: Sand, Concrete, Béton, Pile-driving, Caissons, and 
Cofferdams. By E. Dosson, M.R.1.B.A., &c, Fourth Edition, revised by 
Grorce Dopp, C.E. Illustrated . ‘ ‘ , ‘ ; ‘ : : 

43. LIMES, CEMENTS, MORTARS, CONCRETES, MAS- 
TICS, PLASTERING, &c., Rudimentary Treatise on. By G. R. BURNELL, 
C.E£. Eleventh Edition, with Appendices .  , ; re ae ee 

57, WARMING AND VENTILATION, a Rudimentary Treatise 
on; pia concise Exposition of the General Principles of the Art of Warming 

'’ and Ventilating Domestic and Public Buildings, Mines, Lighthouses, Ships, 
&e, By CHARLES TOMLINSON, F.R.S., &c, Illustrated ee oa : 
300, CONSTRUCTION OF DOOR LOCKS. From the Papers 
; of A. C. Hoss, Esq., of New York. Edited by CHARLES TOMLINSON, 
F.R.S. To which is added, a Description of Fenby’s Patent Locks, and 
a Note upon [Ron Sares by ROBERT MALLET. Illustrated . . 2/6 

st, ARCHES, PIERS, BUTTRESSES, &c.: Experimental 


rey on the Principles of Construction in; made with a view to their being 
useful to the Practical Builder. By WILLIAM BLAND. Iilustrated - . 2/6 
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Architecture, Building, etc., cintinued. 


16, THE ACOUSTICS OF PUBLIC BUILDINGS; on, 
_ The Principles of the Science of Sound applied to the purposes of the“Architect 
and Builder. By T. RoGeR SMITH, M.R.I.B.A., Architect. ‘Illustfated  . 1/6 


124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 


varpentry and Joinery. Deduced from the Works of ROBISON, PRICE, and 
TREDGOLD: Illustrated - .  . ; : . 1/6 


127, ARCHITECTURAL MODELLING IN PAPER, the Att 
of. By T. A. RICHARDSON, With Illustrations, engraved by O. JEwITT . 1/6 


128, VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translated from the? Latin by 
JOSEPH GwWILT, F.S.A,, F.R.A.S., With 23 Plates ; , F : » S/o 


r30. GRECIAN ARCHITECTURE, An Inquiry into the Prin- 
ciples of Beauty in; with an Historical View of the Rise and Progress of the 
Art in Greece ; being a Supplement to VITRUVIUS’ ARCHITECTURE. By the 
EARL OF ABERDEEN. a e e an) e e e " *@ e e e r/o 
*,* The two preceding Works in One handsome Vol., half bound, entitled ** ANCIENT 
ARCHITECTURE,” price 6s. 
16, 17, 18, 128, aad 130, in One Vol., entitled ‘‘ ANCIENT AND MODERN 
ARCHITECTURE,’ half bound, 125. 


132. DWELLING-HOUSES, a Rudimentary Treatise on the 
Erection of, Illustrated by a Perspective View, Plans, Elevations, and 
Sections of a Pair of Semi-d@tached Villas, with the Specification, Quantities, 
and Estimates, and every Requisite Detail, in sequence, for their Construction 
and Finishing, By S. H. Brooxs, Architect, New Edition, with Plates . 2/6f 


136. QUANTITIES AND MEASUREMENTS, Howto Calculate 
and Take them in Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, 
Paperhangers’, Gilders’, Smiths’, Carpenters’ and Joiners’ Work. With Rules 
for Abstracting and Hints for Preparing a Bill of Quantities, &c.&c. By A. C. 
BEATON, Architect and Surveyor. New and Enlarged Edition. I[lustrated . 1/6 


78. LOCKWOOD & CO.’S BUILDER’S AND CONTRA C- 
TOR'S PRICE BOOK (with which js incorporated ATCHLEY’s and 
portions of the late G. R, BURNELL’S ‘‘ BUILDER'S PRICE BOOKS”) for 1879 ; 
containing the latest Prices of all kinds of Builders’ Materials and Labour, 
and of all Pispiste ey pre ae with Building, &c. &c. The whole revised and 
edited by FRANcis TW. MILLER, Architect and Surveyor. | se . 3/6 


2. CARPENTRY AND JOINER Y—TueE ELEMENTARY PRIN- 
CIPLES OF CARPENTRY. Chiefly composed from the Standard Work of 
THOMAS TREDGOLD, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. WynpHAM 
TARN, M.A. Numerous Illustrations. . ° ‘ - 3/6f 


182". CARPENTRY AND JOINERY. ATLAS of 35 Faestas to 
accompany and illustrate the foregoing book. With Descriptive Letterpress. 4to 6/o 


87, HINTS TO YOUNG ARCHITECTS. By GEORGE 
WIGHTWICK, Architect, Author of ‘‘The Palace of Architecture,” &c. &c. 
New Edition, ‘revised and enlarged by G. HUSKISSON GUILLAUME, Archi- 
tect. With numerous Illustrations. . © «6 « 3/6f 


1383, HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING: A Practical Manual of, containing full information on the 
Processes of House Painting in Oi! and Distemper, the Formation of Letters 
and Practice of Sign Writing, the Principles of Decorative Art, a Course of 
Elementary Drawing for House Painters, Writers, &c., and a Collection of Use- 
ful Receipts. With Nine Coloured Plates of Woods and Marbles, and nearly 
tso Wood Engravings. By ELLis A. DAvipsoNn, Author of ‘‘ Building Con- 
struction,” ‘‘ wing for Carpenters,” &c. Second Edition, carefully revised, 5,0 


i899. THE RUDIMENTS OF PRACTICAL BRI CKLAYING. 
In Six Sections : General ipa ois of Bricklaying; Arch Drawing, Cutting, 
and Setting ; different kinds of Pointing; Paving, Tiling, Materials; Slating 
and Plastering ; Practical Geometry, Mensuration, &c. By ADAM HAMMOND. 
Illustrated with Sixty-eight Woodcuts. 2. 2. 2) we ee 6 
ear” The t indicates that these vols. may be kad strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 7 


191. PLUMBING: A Text-Book to the Practice of the Art or 
Craft of the Plumber, with Chapters upon House Drainage, embodying the 
Latest Improvements, containing about 300 Illustrations. By WiLiiam 
PATON BUCHAN, Sanitary Engineer er ee ee ee ee ee ee) 

192, LAE TIMBER IMPORTER’S, TIMBER MERCHANT'S, 
AND BUILDER'S STANDARD GUIDE. By RICHARD E, GRANDY, 
Second Edition, Revised. 2. 8. . 1 ww tee 8 fF 


CIVIL ENGINEERING, etc. 


3. CIVIL ENGINEERING, the Rudiments of ; for the Use of 
Begirhers, for Practical Engineers, and for the Armyand Navy. By HENRY 
Law, C.E. Including a Section on Hydraulic Engineering, by GEorRGE R. 
BURNELL, C.E. sth Edition. Illustrated with Plates and Diagrams. ~ . s/of 
a9, THE DRAINAGE OF DISTRICTS AND LANDS. By G. 
DRYSDALE Dempsey, C.E. New Edition, revised and enlarged. Illustrated. 1/6 
30. (HE DRAINAGE OF TOWNS AND BUILDINGS. By 
G, DrysDALE DEMPSEY, C.E. New Edition, Illustrated. . ‘ ; . 2/6 
** With “' Drainage of Districts and Lands,” in One Vol., 35. 6d. 
31. WELL-DIGGING, BORING, AND PUMP WORK. By 
. G. SWINDELL, A.R.I.B.A. New Edition, by G. R.BURNELL, C.E. ‘ 
THE BLASTING AND QUARRYING OF STONE, 
for Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. BurGoyneE, K.C.B. ; 


43. TUBULAR AND OTHER IRON GIRDER BRIDGES. 


Particularly describing the BRITANNIA and CONWAY TUBULAR BRIDGES. 

With a Sketch of Iron Bridges, and Illustrations of the Application of Mal- 

leable Iron to the Art of Bridge Building. ByG.D.Dempszy,C.E. .  . 1/6 
62, RAILWAY CONSTRUCTION, Elementary and Practical In- 


structions on the Science of. By Sir MACDONALD STEPHENSON, C.E., 
New Edition, revised and enlarged by EDWARD NUGENT, C.E. = . 
aot, EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means pf Profitable Employment for Capital. With Examples 
and Particulars of actual Erepbankments, and also Practical Remarks on the 
Repair of old Sea Walls. By JOHN Wicains, F.G.S, New Edition, with 
Notes by ROBERT MALLET, F.R.S. : - oe : ‘ ; . . 
sx. WATER WORKS, for the Supply of Citses and Towns. With 
a Description of the Principal Geological Formations of England as influencing 
Supplies of Water; and Details of Engines and Pumping Machinery for 
raising Water. By SAMUEL HUGHES, F.G.S., C.E, New Edition, revised 
and enlarged, with numerous Illustrations. a ee ee ee ee” 
sa**, GAS WORKS, and the Practice of Manufacturing and Distri- 
buting Coal Gas. By SAMUEL HuGuHEs, C.E. New Edition, revised by W. 
RICHARDS, C.E, Illustrated. . 8 tony J : a a ee 
117, SUUBTERRANEOUS SURVEYING, an Elementary and 
Practical Treatise on. By THOMAS FENWICK. Also the Method of Conduct- 
ing Subterraneous Surveys without the use of the Magnetic Needle, and other 
modern Improvements. By THOMAS BAKER, C.E, Illustrated, . . . 2/6f 
118, CIVIL ENGINEERING IN NORTH AMERICA, a 
Sketch of. By DAvip STEVENSON, F.R.S.E., &c. Plates and Diagrams. . 3/ot 
rar, RIVERS AND TORRENTS. With the Method of Regula- 
ting their Course and Channels. By Professor PAUL Frist, F.R.S. To which 
is added, AN ESSAY ON NAVIGABLE CANALS. Translated by Major- 
General J. GARSTIN, of the Bengal Engineers. Plates. Cloth boards. . 5/0 
197. ROADS AND STREETS (THE CONSTRUCTION OF) 
in two Parts: I. THE ART OF CONSTRUCTING COMMON Roaps, by HENRY 
- LAW, C.E., revised and condensed by D. KINNEAR CLARK, C.E. ; II, RECENT 
PRACTICEIN THE CONSTRUCTION OF ROADS AND STREETS, including pavements 
.of Stone, Wood, and Asphalte, by D. K. CLARK, M.LC.E,, numerous Ilusts, 4/6 
aog, SANITARY WORK IN THE SMALLER TOWNS 
AND IN VILLAGES. Comprising :—z. Some of the more Common Forms 
‘of Nuisance and their Remedies; 2. Drainage; 3. Water Supply. By 
CHARL#3 SLAGG, Assoc. Inst. C.E. © - »o . @/6f 
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MECHANICAL ENGINEERING, etc. 


33. CRANES, the Construction of, and other Machinery for Raising 

. Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
OSEPH GLYNN, F.R.S., &c. Illustrated. . . . |. » . 3/6 

34. LE STEAM ENGINE, a Rudimentary Treatise on. By 
Dr. LARDNER. Illustrated - . rf6 


so. STEAM BOILERS: Their Construction and Management. 
By R. ARMSTRONG, C.E, Illustrated . . . . © 6  . « 3/6 
63: AGRICULTURAL ENGINEERING: Farm Buildings, 
Motive Power, Machinery, and Implements, &c. By G, H. ANDREWS, C.E, 3/0 
67, CLOCKS, WATCHES, AND BELLS, a Rudimentary 
Treatise on. By Sir EDMUND BECKETT, Bart. (late E. B. Denison), LL.D., 
" Q.C., FLR.A.S, Sixth Edition, thoroughly revised and considerably en- 
larged. With numerous Illustrations . , ee ee ee ee) 
82, THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By JosEPH 
GLYNN, F.R.S., &. New Edition, Illustrated : oe ; ‘ - 2/of 
98 PRACTICAL MECHANISM, the Elements ‘of ; and Ma- 
chine Tools, By T, BAKER, C.E. With Remarks on Tools and Machinery, 
by J. NAsmMyTu, C.E. Plates . 2 8 ‘ : : ~ % . 2/6f 
114, MACHINERY, Elementary Principles of, in its Construction 
and Working. Illustrated by numerous Examples of Modern Machinery for 
different Branches of Manufacture. By C. D. ABEL, C.E. , : ° . 1/6 
115.5 ATLAS OF PLATES. Mlustrating the above Treatise. 7/6 


139. L@& STEAM ENGINE, a Treatise on the Mathematical 
Theory of, with Rules at length, and Examples for the Use of Practical Men. 
By T. BAKER, C.E, Illustrated ; ; ; : ; ‘ ; ‘ . 1/6 
162. TZZE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Alloying, Turning, Filing, Burnishing, 
Bronzing, &c. With copious Receipts, numerous Tables, and Notes on Prime 
Costs and Estimates. By WALTER GRAHAM. Illustrated 


164. MODERN WORKSHOP PRACTICE, as applied to Marine, 
Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Cranes, Ship-building, &c. &e, By J.G. W INTON, Illustrated . . 3/ot 
165, LRON AND HEAT, exhibiting the Principles concerned in the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smeltingfurnace. By J. ARMOUR, C.E. Numerous Woodcuts. 2/6 
166. POWER IN MOTION: Horse-power, Motion, Toothed-Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, By JAMES ARMOUR, 
C.E. With 73 Diagrams . ; ; ; j 5 ; : ‘ ; . a/ 
167, LHE APPLICATION OF IRON TO THE CONSTR UC- 
TION OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. 
Showing the Principles upon which such Structures are designed, and their 
Practical Application. By FRANCIS CAMPIN, C.E. Numerous Woodcuts . 2/6 
wi, THE WORKMAN’S MANUAL OF ENGINEZERING 
DRAWING. By JOHN MAXtTON, Engineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R.S.N.A., South 
Kensington. Third Edition. Illust. with 7 Plates and nearly 350 Woodcuts. 3/6} 
19, SLLAM ANDTHE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an extension of Mr. John Sewell's 
“Treatise on Steam.” By D. KINNEAR CLARK, M.I.C.E., Author of '' Railway 
Locomotives,” &c. &c. Second Edition, Revised, with numerous Illusts, . 3/6f 


ac, LULL, its Combustion and Economy; consisting of Abridg- 
ments of ‘' Treatise on the Combustion of Coaland the Prevention of Smoke,” 
by C, W, WILLIAMS, A.I.C.E., and ‘‘The Economy of Fuel,” by T. SYMES 
PRIDEAUX. With extensive Additions on Recent Practice in the Combustion 
and Economy of Fuel—Coal, Coke, Wood, Peat, Petroleum, &c., by the Editor, 
D. KINNEAR CLARK, M.1.C.E. With numerous Illusts, [Hust pudlished, . 
goa. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
, Comprising a Historical Sketch and Description of the Locomotive Engine, 
“py G. D. Dempsgy, C.E.; with large Additions treating of the Modern 
Locomotive, by D. KINNEAR CLARK, M.I.C.E. With numerous : aed 
tions eee gg ESF test published. yok 
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SHIPBUILDING, ‘NAVIGATION, MARINE, ENGINEERING, 


ETC, 


81. NA VAL ARCHITE CTURE, the Rudiments of ; or, ani Exp O- 
sition .of the Elementary Principles of the Science, and their Practical “Appl 
cation to Naval Construction. Compiled for the Use of Beginners. By JAMES 
PEAKE, School of Naval Architecture, H.M. Dockyard, Portsmouth. Fourth 
Edition, corrected, with Plates and Diagrams . is ie © «© « + 3f/5F 


53°. SHIPS FOR OCEAN AND RIVER SERVI CE, Elementary 
and Practical Principles of the Construction of. By HAKON A. SOMMERFELDT, 
Surveyor of the Royal Norwegian Navy. Withan Appendix. . . . 2/0 


538%. ANV ATLAS OF ENGRAVINGS to Eagar’ the above. 
Twelvé large folding Plates. Royal 4to, cloth. . . ~ « « 7/6 


sy MASTING, MAST-MAKING, AND RIGGING OF 
SHIPS, 3, Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; 
Chain, Wire, and Hemp Ropes, &c., relative to yey class of vessels. Toge- 
ther with an Appendix of Dimensions of Masts and Yards of the Royal at 
of Great Britain and Ireland. By ROBERT PEE: N.A. Fourteent 
‘Edition. MWlustrated.  . ‘ : ; < * »  « 2/ot 


sq*. 4RON SHIP-B UILDING. With Practical Examples and 
Details for the Use of Ship Owners and Ship Builders. By JOHN GRANTHAM, 


Consulting Eneleet and es ecbicali ti — Edition, _ important 
Additions. , ‘ Z - 4/0 


sy**, AV ATLAS OF FORTY PLA TES to Tllustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
‘‘ Warrior,”’ ‘‘ Hercules,” ‘‘ Bellerophon ;"" H.M. Troop uP ‘‘ Serapis,’’ Iron 
Floating Dock, &c. &c. 4to, boards ° ° ° . ° ° - 38/0 


55 LHE SAILOR’S SEA BOOK: A Rudimentary Treatise on 

Navigation. I. How to Keep the Log and Work it off. II. On Finding the 

Latitude and Longitude. By JAMES GREENWOOD, Esq., B.A., of Jesus Col- 

lege, Cambridge. To which are added, Directions for Great Circle Sailing ; 

an Essay on the Law of Storms and Variable Winds ; and Explanations of 

03 Terms used in Ship-bujlding. Ninth Edition, with several a Sia and 
Coloured Illustrations oi the Flags of Maritime Nations . ‘ , » 2/o 


80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the ig os and Propelling Power, 
as used in the Royal and Merchant Navy. y ROBERT MuRRAY, C.E., 
Engineer-Surveyor to the Board of Tradef With a Glossary of Technical 
Terms, and their Equivalentsin French, German, and eee iia Edition, 
revised and enlarged. Ilustrated . : ‘ ‘ » 3/of 


s3bis, THE FORMS OF SHIPS AND BOA TS: Hints, Experi- 


mentally Derived, on some of the Principles regulating Ship-building. By W. 
BLAND. Seventh Edition, revised, with numerous Illustrations and Models . 1/6 


99 NFIGATION AND NAUTICAL ASTRONOMY, in 


Theory and Practice. With Attempts to facilitate the Finding of the Time 
and the Longitude at Sea. By y J. R, si NG, formerly Professor of Mathematics 
in Belfast College, Illustrate . * . oe ‘ . 2/6 


oo, ZABLES intended to facilitate the Operations of Navigation and 
Nautical he lace an Sars to the above Book. By J. R, 
YOUNG ., : ; : ‘ . . 1/6 


106, SHIPS’ ANCHORS, a Treatise on. By GEORGE Corset, 
’ N.A, Illustrated, ° ; : »  « 3/6 


149. SAILS AND SAIL MARKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes; Masting, Rigging, and Sails of Steam Vessels, &c. &c. 

a Tenth Edition, enlarged, with an Appendix. By fides cies: N.A., 
Sailmaker, Quayside, Neweastle. Illustrated . -. ‘ » 2/6t 


13s, 2HE ENGINEER’S GUIDE TO THE ROYA L AND 
Be NIILE NAVIES., By a PRACTICAL ENGINEER. Revised by 
) F. M‘CARTHY, late of the Ordnance ance Survey O Office, Southampton. - 3/o 
| RB The = The ti indicates that these vols, may may be had ‘strongly bound at 6d, extra, 
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PHYSIGAL SCIENCE, NATURAL PHILOSOPHY, etc." | 


1. CHEMISTRY, for the Use of Beginners. By Professor GEORGE 
rsharrc F.R.S. With an Appendix on the Application of Chemistry to | 
ure. . « P e e e e e ) « £/Q 


2, NATURAL PHILOSOPHY, Introduction to the Study of; 
for the Use of Beginners. By C. ToMLINson, Lecturer on Natural Science in 
King’s College School, London. Woodcuts. a a . 1/6 


4. MINERALOGY, Rudiments of; A concise View of the Proper- 
ties of Minerals. By A. RAMSAY, jun. Woodcuts and Steel Plates. . . 3/of 


6. MECHANICS, Rudimentary Treatise on; Being a concise 
Exposition of the General Principles of Mechanical Science, and their Appli- 
cations. By CHARLES TOMLINSON, Lecturer on Natural Science®in King’s 
College School, London. Illustrated .  . o ° Ger fe. » « 2/6 


9. HLECTRICITY, showing the General Principles of Electri- 
cal Science, and the Purposes to which it has been applied. By Sir W. Snow 
HARRIS, F.R.S., &c. With considerable Additions by R, SABINE, C.E., F.S.A. 
Woodcuts, ; ; ; ‘ ‘ ; : ‘ ; 1/6 


7*, GALVANISM, Rudimentary Treatise on, and the General 
Principles of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by ROBERT SABINE, C.E., 
F.S.A. Woodcuts. . ; ‘ : ‘ ‘ . . . - 1/6 


8. MAGNETISM; Being a concise Exposition of the General 
Principles of Magnetical Seience, and the Purposes to which it has been 
arr By Sir W. SNow HArris. New Edition, revised and enlarged by 

. M. Noap, Ph.D., Vice-President of the Chemical Society, Author of 
‘‘A Manual of Electricity,” &c. &. With 165 Woodeuts. . . . . 3/6t 


u. THE ELECTRIC TELEGRAPH; its History and Progress ; 
with Descriptions of some of the Apparatus. By R. SABINE, C.E., F.S.A., &c. 
Woodcuts, ‘ . é +2 , : ‘ e . » « 3/0 


1, PNEUMATICS, for the Use of Beginners. By CHaR.es 


TOMLINSON. Ihlustrated . P 5 . 1/6 


v2. MANUAL OF THE MOLLUS€A; A Treatise on Recent 
and Fossil Shells. By Dr. S. P. WoopwArp, A.L.S. With Appendix by 
RALPH TATE, A.L.S.F.G.S. With numerous Plates and 300 Woodcuts, 
6s. 6a. Cloth boarcs” . ° . ‘ . ° . . 7/6 


79**, PHOTOGRAPHY, Popular Treatise on; with a Description 
of the Stereoscope, &c. Translated from the French of D. VAN MONCKHOVEN, 
by W. H. THORNTHW@ITE, Ph.D. Woodcuts. . ‘ ‘ ‘ - 3/6 


9. ASTRONOMY. By the Rev. R. Main, M.A, F.R.S., &c. New 
and enlarged Edition, with an Appendixon ‘‘ Spectrum Analysis.” Woodcuts. 1/6 


STATICS AND DYNAMICS, the Principles and Pragtiagsof ; 
. embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T., BAKER, C.E. . ‘ , . » 1/6 


138, ZEALEGRAPH, Handbook of the; A Manual of Telegraphy, 
Telegraph Clerks’ Remembrancer, and Guide to Candidates for Employment 
in the Telegraph Service. By R. BoND. Fourth Edition, revised and enlarged ; 
to which is appended, QUESTIONS on MAGNETISM, ELECTRICITY, and 
PRACTICAL TELEGRAPHY, forthe Use of Students, by W. MCGREGOR, 
First Assistant Superintendent, Indjan Government Telegraphs, Woodcuts . 3/of 


EXPERIMENTAL ESSAYS. By CHar_Les TOMLINSON. 
I, On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modern Theory of Dew. Woodcuts 1/o 


173, PHYSICAL GEOLOGY, partly based on Major-General 
PORTLOCK’s ' Rudiments of Geology.” By RALPH TATE, A.LS., &¢. Num&” 
rousWoodeuts . 6. we lt 

174, AISTORICAL GEOLOGY, partly based on Major-General 
PORTLOCK'S ‘‘ Rudiments.” By RALPH TATE, A.L,S., &c, Woodcute. 
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Physical Science, Natural Philosophy, etc., continued. 0. yo 3." 


173. RUDIMENTARY TREATISE ON GEOLOGY, Physical 

174. and Historical, Partly based on Major-General PorTLOCK's ‘' Rudiments of 
Geology.” By RaLpy Tats, A.L.S., F.G.S., &¢. &c. Numerous Illus- 
trations, In One Vol. . . . . es 4 a oar ae - 4/6t 


183, ANIMAL PHYSICS, Handbook of. By Dionysivs Larp- 
184. NER, D.C.L.,With 520 Illustrations, In One Volume, cloth boards, . 7/6 


*.* Sold alsoin Two Paris, as follows :—~ | 
183. ANIMAL Puysics, By Dr. LARDNER. Part I., Chapters I-VII. .  . 4fo 
184. ANIMAL Puysics. By Dr. LARDNER. Part II., Chapters VIJJ-XVIII.  . 3/0 
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MINING, METALLURGY, etc. 


117. SUBTERRANEOUS SURVEYING, Elementary and Prac- 


tical Treatise on, with and without the Magnetic Needle. By THOMAS 
FENWICK, Surveyor of Mines, and THOMAS BAKER, C.E. Illustrated . 2/6f 


133, METALLURGY OF COPPER, An Introduction to the 
Methods of Seeking, Mining, and ee Copper, and Manufacturing its 
Alloys. By RoBERT H. LAMBORN, Ph.D. Woodcuts.. . . «~~ + 2/6f 


134. METALLURGY OF SILVER AND LEAD. A Description 


of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. LAMBORN. Woodcuts. ‘ - * : , ; : ; 


38. ELECTRO-METALLURGY, Practically Treated. By ALEx- 
ANDER WarTT, F.R.S.S.A. New Edition, enlarged. Woodcuts : . 2/6f 


1a. MINING TOOLS, Manual of. For the Use of Mine 


Managers, Agents, Students, &c. Comprising Observations on the Materials 
from and Processes by which they are manufactured; their Special Uses, 
Applications, Qualities, and Efficiency. By WILLIAM MorcaAns, Lecturer 
on Mining at the Bristol Schoo! of Mines . . we : : . 2/6T 


“72, MINING TOOLS! ATZAS of Engravings to Illustrate the 
above, containing 235 Illustrations of Mining Tools, drawn to Scale, qto. . 4/6 


176. METALLURGY OF [RON, a Treati3egn the. Containing 


Outlines of the History of Iron Manufacturg, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. BAVER- 
MAN, F.G.S. Fourth Edition, revised. Numerous Illustrations .  . . V6T 


180. COAL AND COAL MINING, A Rudimentary Treatise on. 
By WARINGTON W. SmyTH, M.A., F.R.S., &c., Chief Inspector of the Mines 
of the Crown and of the Duchy of Cornwall. New Edition, revised and 
corrected, With numerous Illustrations . . . » « 3/6T 


195. THE MINERAL SURVEYOR AND VALUER'’S COM- 


PLETE GUIDE, with new Traverse Tables ; and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying Out and Valuing Mineral 
Properties. By WILLIAM LINTERN, Mining and Civil Engineer. With 
4 Plates of Diagrams, Plans, &c. . ° ‘ ; ‘ . (Fust published) 3/6T 


re 


AGRICULTURE, GARDENING, etc. 
‘a9. THE DRAINAGE OF DISTRICTS AND LANDS. By 


G. DRYSDALE Dempsey, C.E. Illustrated . : & Se. ; . 3/6 
4," With *' Drainage of Towns and Buildings,” in Ong Vol., 35. 64. 
2. AGRICULTURAL ENGINEERING: Farm Buildings, 


Motive Powers and Machinery of the Steading, Field Machines, and Imple- 
ments. By G. H. ANDREWS, C.E. Illustrated .  . . » +. 3fo 


6, CLAY LANDS AND LOAMY SOILS. By Professor 


DONALDSON .. ee oe “ — «4 xfo 
/ gS The t indicates that these vols, may be had strongly bound at 6d. extra. ; 
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Agriculture, Gardening, etc., continued. o 


131, MILLER'S, MERCHANT'S, AND FARMER'S READ 
RECKONER, for ascertaining at sight the value of any quantity of Corn, 
from One Bushel to One Hundred Quarters, at any given price, from £1 to £5 
i ca Together with the approximate values of Millstones and Mill- s 

140. SOILS, MANURES, AND CROPS. (Vol. 1. OUTLINES OF 
MODERN FARMING.) By R.Scotr BuRN. Woodcuts. . . . . 2/0 

141, FARMING AND FARMING ECONOMY, Notes, Histori- 


cal and Practical, on. (Vol. 2, OUTLINES OF MODERN FARMING.) By R. 















Scott BuRN. Woodcuts. ‘ ; as. a : . e ; « 3/0 
2a, STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 
OUTLINES OF MODERN FARMING.) By R. ScoTT BuRN. Woodcuts. . 2/6 


148. DAIRY, PIGS, AND POULTRY, Management of the. By 
R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. OUTLINES 
OF MODERN FARMING.) Woodcuts . : . 2/o 


146. UIILIZATION OF SEWAGE, IRRIGATION, AND 
RECLAMATION OF WASTE LAND. (Vol. 5. OUTLINES OF MODERN 
FARMING.) By R. Scott BuRN. Woodcuts : , ‘ , : ~ 2/6 

*,* Nos. 140-1~-2-5-6, tn One Vol., handsomely half-bound, entitled ‘‘ OUTLINES OF 
MODERN FARMING.” By ROBERT Scott BuRN. Price 125. 


177, LRUIT TREES, The Scientific and Profitable Culture of. 
From the French of Du BREVIL, Revised by GEO. GLENNY. 187 Woodcuts. 3/6f 


198, SMEHEP: The History, Structure, Economy, and Diseases of. 
By W. C. SPOONER, M.R.V.C., &c. Fourth Edition, considerably enlarged, 
with numerous fine Engravings, including some specimens of New and Im- 
proved Breeds. 366 pp. . i * 2 ee (Fust published) 3/6f 


wr. KITCHEN GARDENING MADE EASY. Showing how 
to Prepare and Lay out the Ground, the best means of Cultivating every known 
Vegetable and Herb, with Cultural Directions for the Management of them all 
the year round. By GEORGE M. F. GLENNY, Editog of ‘*‘ Glenny’s Illustrated 
Garden Almanack,’’ and Author of ‘‘ Floriculture,” &c. (Fust published) 1/6f 
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.7 FINE ARTS. 
a. PERSPECTIVE FOR BEGINNERS. Adapted to Young 


Students and Amateurs in Architecture, Painting, &c. By GEORGE PYNE, 
Artist. Woodcuts . e ‘ 


136. 4 GRAMMAR OF COLOURING, applicable to House 
Painting, Decorative Architecture, and the Arts, for the Use of Practical 
Painters and Decorators. By GEORGE FIELD. New Edition, re-written and 
enlarged, by ELtis A, DAVIDSON. With Coloured Diagrams and nese?ts 
Engravings on Wood. t ; ‘ . . , ‘ , : ‘ 

41,GZLASS STAINING; or, Painting on Glass, The Art of. 
Comprising Directions for Preparing the Pigments and Fluxes, laying them 
upon the Glass, and Firing or Burning in the Colours. From the German of 
Dr. GESSERT, To which is added an Appendix on THE ART OF ENAMEL- 
LING, &c.; together with THE ART OF PAINTING ON GLASS, from 
the German of EMANUEL OTTO FROMBERG. In One Volume . 


69. MUSIC, A Rudimentary and Practical Treatise on. With 


numerous Examples. By CHARLES CHILD SPENCER .. ; oe 


gx, PIANOFORTE, The Art of Playing the. With numerous 
Exercises and Lessons. Written and Selected from the Best Masters, by 
CHARLES CHILD SPENCER. ; ; ‘ 2 : A : re : 
it, PAINTING POPULARLY EXPLAINED, including 
Fresco, Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Minia- 
ture, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by THOMAS JOHN GULLICK, assisted by 
Joun Timss, F.S.A. Fourth Edition, revised and enlarged, with Frontis@ece 
and Vignette .. i eo Se a or ee, 8) LE IO 


a The tT indicates that these vols. may be had strongly gound at 6d. extra. & 
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ARITHMETIC, GEOMETRY, MATHEMATICS, etd.” 


33. MATHEMATICAL INSTRUMENTS, 4 Treatise on; in 
which their Construction, and the Methods of Testing, Adjusting, and Usin 
them are concisely Explained. By J. F. HEATHER, M.A., of the Roy 
Military Academy, Woolwich. Original Edition, in x vol., Illustrated . . 1/6 
“," / ordering the above, be careful to say “' Original Edition," or give the number in 
the Series (32), to distinguish it from the Enlarged Edition in 3 vols. { Nos, 168-9-70). 


6. LAND AND ENGINEERING SURVEYING, a Treatise 
on ; with all the Modern Improvements. Arranged for the Use of Schools 
and Private Students ; also for Practical Land Surveyors and Engineers, By 
T. RAKER, C.E. New Edition, revised by EDWARD NUGENT, C.E. us- 
trated with Plates and Diagrams . . . «© «© «© «© «©  » aot 


READY RECKONER FOR THE ADMEASUREMENT 
OF LAND. By ABRAHAM ARMAN, Schoolmaster, Thurleigh, Beds. To 
which is added a Table, showing the Price of Work, from as. 6d. to £1 per 
acre, and Tables for the Valuation of Land, from 1s. to £1,000 per acre, and 
from one pole to two thousand acres in extent, &c. &c. . ‘ ‘ - 1/6 


7. DESCRIPTIVE GEOMETRY, an Elementary Treatise on ; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MONGE. To which is added a Description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an Introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By J. F. 
HEATHER, M.A. Illustrated with 14 Plate . ne, a ee era), * 


178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground, By J. F, HEATHER, M.A. With 215 Woodeuts . 2/o 


179. PROJECTION: Orthographic, Topographic, and Perspective : 
ving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F, HEATHER, M.A... (Jn preparation. 


*," Lhe above three volumes, will form a COMPLETE ELEMENTARY COURSE OF 
MATHEMATICAL DRAWING. 


83, COMMERCIAL BOOK-KEEPING. With Commercial 


Phrases and Forms in English, French, Ital and German. By JAMES 
HaApDpDON, M.A., Arithmetical Master of King's College School, London. » 2/6 


84. ARITHMETIC, a Rudimentary Treatise on: with full Expla- 


nations of its Theoretical Principles, and numerous Examples for Practice. 
For the Use of Schools and for Self-Instruction, By J. R. YOUNG, Jate 
Professor of Mathematics in Belfast College. New Edition, with Index. . 1/6 


84*, A KEyto the above. By J. R. YOUNG © 6 6 #0 « « 2/6 
gs. RUUATIONAL ARITHMETIC, applied to Questions of 


85*. Interest, Annuities, Life Assurance, and General Commerce ; with various 
Tables by which all Calculations may be greatly facilitated. By W. HIPsLey. 2/o 


s6. ALGEBRA, the Elements of. By JAMES Happon, M.A., 
Second Mathematical Master of King’s College School. With Appendix, 
containing Miscellaneous Investigations, and a Collection of Problems . 2/o 


* 


61*. 





86*, A KEY AND CoMPANION to the above Book, forming an extensive repository 
of Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruction. 
By J: R, YOUNG r r e a e e e J a @ ° e 1/6 


_s8, EUCLID, Tue ELEemMents or: with many Additional Proposi- 
. “ty. . tions and Explanatory Notes; to which is prefixed an Introductory Essay on | 
Logic, By HENRY Law, C.E. ; < a , : ae . 2/6t 


*" Sold also separately, viz. i— 
88. g@EUCLiIp, The First Three Books. By Henry Law,C.E. . . .« » WoO 
| 89. Ever Books 4, 5, 6, 11,12. By Henry Law,C.E. . » «© « 3/6 


| £ ' KT The t indicays that these vols. may be had strongly bound at 6d.exira, 
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Arithmetic, Geometry, Mathematics, etc., continued. 


9. ANALYTICAL GEOMETRY AND CONIC SEC. 


ZAONS, a Rudimentary Treatise on. By JAMES HANN, late Mathematical 
Master of King’s College School, London. A New Edition, re-written and 
enlarged by Professor J..R, YOUNG, formerly of. Belfast College . . . a/of 
91. LLANE TRIGONOMETRY, the Elements of. By JamMeés 


HANN, formerly Mathematical Master of King’s College, London 


go, SPHERICAL TRIGONOMETRY, the Elements of. By 
JAmrs HANN. Revised by CHARLES H. DowLinG,C.E. . . » t/o 
"a" Or with ' The Elements of Plane Trigonometry," in One Volume, 25. 


93 MENSURATION AND MEASURING, for Students and 
Practical Use. With the Mensuration and Levelling of Land for the Purposes 
of Modern Engineering. By T. BAKER, C.E. New Edition, with Corrections 
and Additions by E. NUGENT, C.E, Illustrated . . ». « « » 2/6 


94. LOGARITHMS, a Treatise on ; with Mathematical Tables for 
facilitating Astronomical, Nautical, Trigonometrical, and Logarithmic Caleu- 
lations ; Tables of Natural Sines and Tangents and Natural Cosines. By 
HEnry Law, C.E, Illustrated . ‘ : ‘ ‘ . 2/6f 


ror", MEASURES, WEIGHTS, AND MONEYS OF ALL 
NATIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W.S. B. WooLHouss, F.R.AS., &. . : 


102, NTEGRAL CALCULUS, Rudimentary Treatise on the. By 
HOMERSHAM Cox, BA, Illustrated 2. 9. 0. ee 


103, LWVZTEGRAL CALCULUS, Examples on the. By James 
HANN, late of King’s College, London. Illustrated e 4 


wor. DIFFERENTIAL CALCULUS, Elements ofthe. By W.S. B. 
WOOLHOUSE, F.R.AS.,&. . 6 6 6 8 ee 


10s, MNEMONICAL LESSONS.—GEroMETRY, ALGEBRA, AND 
TRIGONOMETRY, in Easy Mnemonical Lessons. aby the Rev. ‘THOMAS 4, 
PENYNGTON KIRKMAN, M.A, SS eek Ce. ae eS 


ARITHMETIC, Rudi ntary, for the Use of Schools and Self- 
Instruction. By JAMES DON, M.A. Revised by ABRAHAM ARMAN-._ 1/6 
137 A Key To Happon’s RUDIMENTARY ARITHMETIC, By A. ARMAN.  . 1/6 


168. DRAWING AND MEASURING INSTRUMENTS. In- 
cluding—I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans, 
II, Instruments Used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. HEATHER, M.A., Author of ‘' Descrip- 
tive Geometry,” ke. &c. Illustrated . : : ‘ : 


ry ° riot mie 

169. OPTICAL INSTRUMENTS. Including (more especially) 
Telescopes, Microscopes, and Apparatus for producing copies of Maps and 

Plans by Photography. By J. F. HEATHER, M.A, Illustrated . . . 1/6 


170, SURVEYING & ASTRONOMICAL INSTRUMENTS. 
Including—I. Instruments Used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions, By J, F. HEATHER, M.A, Illustrated “se . ~ ef . 2/6 
"4s" The above three volumes form an enlargement of the Author's original work, 
** Mathematical Instruments: Their Construction, Adjustment, Testing, and Use,’ 
the Bleventh Edition of which ts on sale, price 1s. 6d. (See No. 3280 the Series. } 


168.) MATHEMATICAL INSTRUMENTS. By J. F. HEATHER, 
169.( M.A. Enlarged Edition, for the most part re-written, The Three Parts 
170.) a8 above, in One thick Volume. Numerous Illustrations : 


8. JHE SLIDE RULE, AND HOW TO USE IT; Con- 
taining full, easy, and simple Instructions to perform all Business Calculations 
with unexampled rapidity and accuracy. By CHARLES HOARE, C.E. Wéth 
aSlideRuleintuckofcoverr . . .  . . « . @ «4 . 3/of 


Km The t indicates that these vols, may be had strongly bgund at 6d, extra. 
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Arithmetic, Geometry, Mathematics, etc., continued. | 


33. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c., &c,; Unequal-sided, Square-sided, Octagonal-sided, 
Round Timber and Stone, and iguundiug Time e™ Compiled for the accommo- 
dation of Timber-growers, Merchants, and Surveyors, Stonemasons, Archi- 
tects, and others, By RICHARD HorTON. Third Edition, with valuable 
additions... : > +  « d/o 


15, THEORY OF COMPOUND INTEREST AND ANNUGV- 
TIES; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FEDOR THOMAN, of the Société Crédit 
Mobilier, Paris oer eee — oo: (Fust published) 4/of, 

19. LWMTUITIVE CALCULATIONS ; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in Com- 
mercial and Busines Transactions ; together with Full Explanations of Deci- 
mals and Duodecimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes fora Decimal Coinage. By DAN1EI. O’GORMAN., 
Twenty-fifth Edition, corrected and enlarged by J. R. YOUNG, formerly Pro- 
fessor of Mathematics in Belfast College - » « (Hust Published.) 3/ot 


MISCELLANEOUS VOLUMES. 


36. 4 DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCH &#- 
OLOGY, the FINE ARTS, &c. By JOHN WEALE. Fifth Edition, with 
numerous Additions. Edited by Rost. Hunt, F.R.S., Keeper of Mining 
Records, Editor of Ure's Dictionary, Numerous Illustrations . . . S/o 

so HE LAW OF CONTRACTS FOR WORKS AND 
SERVICES. By Davin Gippons. Third Edit., enlarged . . . . 3/of 


112, MANUAL OF DOMESTIC MEDICINE. By R. Goopine, 
B.A., M.B, Intended as a Family Guide in all Cases of Accident and Emer- 
gency. Second Edition, carefully revised . . «© «© + « « aot 
+; x2* MANAGEMENT OF HEALTH. A Manual of Home 
and Personal Hygiene. By the Rev. JAMES BAIRD, B.A. . «© « «Ho 


1so. LOGIC, Pure and Applied. ByS. H, Emmens. Third Edition 1/6 


132, PRACTICAL HINTS FOR INWESTING MONEY. 
With an Explanation of the Mode di Transacting Business on the Stock 
Exchange. By FRANCIS PLAYFORD, Sworn Broker ee ee ee eS: 

133. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING. With Notes by S.H. EMMENS . . 2/0 


133, GENERAL HINTS TO EMIGRANTS. Containing No- 


a 


ores of the various Fields for Emigration. With Hints on Preparation for 
igrating, Outfits, &c. &c. With Directions and Recipes useful to the 
Emigrant. Witha Mapofthe World .. ‘ ; - 2  « 2/0 


137. LHE EMIGRANT’S GUIDE TO NATAL. By RoBEert 
JAMES MAnn, F.R.A.S., F.M.S, Second Edition, carefully corrected to the 
present date, Map . * e ry ry e e o eo r) ° @ a/o 
193. LANDBOOK OF FIELD FORTIFICATION, intended for 
the Guidance of Officers Preparing for Promotion, and pate Seay: ties to 
G.S., ggrd sit 















e ® 


the requirements of Beginners. By Major W. W. KNOLLYS, F 
Sutherland Highlanders, &c. With 163 Woodcuts ‘ - 6 


19. 2HE HOUSE MANAGER: Being a Guide to Housekeep- 
ing, Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing and 
“7h, Wine-making, the Boudoir and Dressing-room, Travelling, Stable Saree Dar 
Gardening Operations, &. By AN OLD HOUSEKEEPER (/xst Published) 3/6} 


194. AOUSE BOOK (The). Comprising: I. Toe House MANAGER. 


114. | By an OLp HOUSEKEEPER. II. DomssTIC MEDICINE, By RALPH GOODING, 
& °° M.D, III. MANAGEMENT oF HEALTH, By JAMES Barrp. In One Vol, } 
112", strongly halfbound 2. . .« . «ees ( Fust Published.) S/o ... 


F | KS The t indicctes that these vols, may be had strongly bound at 6d. extra. 
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WEALE’S EDUCATIONAL AND CLASSICAL SERIES. 


EL SE «Meo NS 


HISTORY. | 


| 1. England, Outlines of the History of; more especially with 
| ’ reference to the Origin and Progress of the English Constitution. A Text Book for 
Schools and Colleges. By Wm. DouGLAs HAMILTON, F.S.A., of Her Majesty's 
hese on ce, Fourth Edition, revised. Maps and Woodeuts. s55.; cloth 
ards, 6s. 


s. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W., DoucLAs HAMILTON, of 
University College, London, and EpwArpD LEvIEN, M.A., of Balliol College, 
Oxford. 2s. 6d.; cloth boards, 35. 6d. 

7. Rome, Outlines of the History of: From the Earliest 
Period to the Christian Era and the Commencement of the Decline of the Empire. By 
EDWARD LEVIEN, M.A., of Balliol College, Oxford. Map. as. 6d.; el. bds., 35. 6d. 

9. Chronology of History, Art, Literature, and Progress, from 
the Creation of the World to the Conclusion of the Franco-German War. The Con- 
tinuation by W. D. HAMILTON, F.S.A., of H.M. Record Office. 3y.; cl. bds., 35. 6d. 

so. Dates and Events in English History, for the Use of Candidates 
in Public and Private Examinations. By the Rev. EpGAR RAND, B.A. 1s, 


WEALB'S EDUCATIONAL AND CLASSICAL SERIES. 
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ENGLISH LANGUAGE AND MISCELLANEOUS. 


xx, Grammar of the English Tongue, Spoken and Written. With 


an Introduction to the Study of Comparative Philology. By Hypr& CLARKR, 
D.C.L. Third Edition. 1s. 


r1*, Philology: Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch or Ger- 
man, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and Portuguese 
Tongues. By Hype CLARKE, D.C.L. 1s. 
12, Dictionary of the English Language, as Spoken and Written. 
Containing above too,ooo Words. By Hype CLARKE, D.C.L. 35. 6¢.; cloth 
boards, 4s. 6¢.; complete with the GRAMMAR, cloth boards, gs. 6d, 

. Composition and Punctuation, familiarly Explained for those 

who have neglected the Study of Grammar, By JUSTIN BRENAN. 16th Edition. 1s. 

49. Derivative SpellingéBook: giving the Origin of every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish, and 
other Languages; with their present Acceptation and Pronunciation. By J. 
ROWBOTHAM, F.R.A.S. Improved Edition. rs. 6d. 

The Art of Extempore Speaking: Hints for the Pulpit, the 
Senate, and the Bar. By M. BAUTAIN, Vicar-General and Professor at the 
Sorbonne. ‘Translated from the French. Sixth Edition, carefully corrected. 25. 6d. 

Mining and Quarrying, with the Sciences connected therewith. 
First k of, for Schools. By J. H. Cottins, F.G.S., Lecturer t6"fH€ Miners’ 
Association of Cornwall and Devon, 1s. 

_ Places and Facts in Political and Physical Geography, for 

Candidates in Public and Private Examinations. By the Rev. EDGAR RAND, B.A. 1s. 


54. Analytical Chemistry, Qualitative and Quantitative, a Course of. 
To which is prefixed, a Brief Treatise upon Modern Chemical Nomenclature and 
Notation. By Wm. W. Pink, Practical Chemist, &c., and GEORGE E, WEBSTER, 
Lecturer on Metallurgy and the Applied Sciences, Nottingham. 2s. 


The Schoo! Managers’ Series of Reading Books, adapted to 
the Requirements of the New Code. Edited by the Rev. A. R. GRANT, Rector of 
Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector of Schools. 

INTRODUCTORY PRIMER . - . 34. 
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First STANDARD , , . o 6 FourtH STANDARD, 1 a | 
SECOND — ,, é ‘ » oro FIFTH fe ae r 6 
THIRD, re 2.) SIXTH . ,, e ac: aes 
LESSONS FROM THE Bre_rk. Part I. Old Testament. rv. . | 
4 ' URSSONS FROM THE BisLeE. Part II. New Testament, to which is aided Tur i 
7 GROGRAPHY OF THE Breit, for very Young Children. By Rev. C. THORNTON 
Y FORSTER. 15. ad. *,* Or the Two Parts in One Volume, 2s. | | 
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ag. French Grammar. With complete and concise Rules on the 
Genders of French Nouns. By G. L, StrAvsS, Ph.D. 15, 6d, | 


as. French-English Dictionary. ‘Comprising a large number of | 
. New Terms used in Engineering, Mining, on Railways, &c. By ALR. ELWES. 15.6¢. 


a6. English-French Dictianary. By ALFrep Enwes. 25. 


2s.26, French Dictionary (4s above). Complete, in One Vol., 3s.; cloth 
boards, 3s.6d. *,* Or with the GRAMMAR, cloth boards, 4s.6¢@, == 
47. French and English Phrase-Book: Containing Introductory 


Lessons, with Translations, for the convenience of Students ; several Vocabularies 
of Words, a Collection of suitable Phrases, and Easy Familiar Dialogues. 5. 


GERMAN. 
3g. German Grammar. Adapted for English Students, from Heyse’s 
Theoretical and Practical Grammar, by Dr. G. L. STRAUSS. #s. 
4o. German Reader: A Series of Extracts, carefully culled from the 


most approved Authors of Germany ; with Notes, Philological and Explanatory. 
By G, L. StrAuSS, Ph.D. rs. 


4x. German Triglot Dictionary. By NicHotas Esrernazy and 
S. A. HAMILTON. Part I. English-German-French. rs, 


42. German Triglot Dictionary. Part II. German-French-English. 1s. 
43. German Triglot Dictionary. Pas III. French-German-Eng, 1s. 


4x42, German Triglot Dictionary (as above), in One Vol. 3s. ; 
43. cloth boards, 4s. *,* Or with the GERMAN GRAMMAR, cloth boards, 5s. 
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ITALIAN. 

27, Italian Grammar, arranged in Twenty Lessons, with a Course of 
Exercises. By ALFRED ELWES. Is. 

as, Italian Triglot Dictionary, wherein the Genders of all the 
Italian and French Nouns are carefully noted down. By ALFRED ELWEs, Vol, 1, 
Italian-English-French. 2s. ‘5d. 

30. Italian Triglot Dictionary. By A. Etwes. Vol. 2. English- 
French-Italian. 25. 6d. 

32, Italian Triglot Dictionary. By ALrrep Etwes. Vol. 3. French- 
Italian-English. 2s. 6d. 


28,30, Italian Triglot Dictionary (as above) In One Vol. cloth, 
32. boards, 7s. 6d. *,* Or with the ITALIAN GRAMMAR, cloth boards, 85, 6d, 


SPANISH AND PORTUGUESE. 
34. Spanish Grammar, in a Simple and Practical Form. With a 


Course of Exercises. By ALFRED ELWES. 15. 6d. 


3s. Spanish-English and English-Spanish Dictionary. Includ- 
ing a large number of Technical Terms used in Mining, Engineering, &c., with the 
roper Accents and the Gender of every Noun. By ALFRED ELWES. 41.; cloth 

ards, ss. *,* Or with the GRAMMAR, Cloth boards, 6s, 


ss. Portuguese Grammar, ina Simple and Practical Form. With a 
snare of Exercises. By ALFRED ELwes, Author of “A Spanish Grammar," 
. IS, ° 





HEBREW. | 
46%. Hebrew Grammar. By Dr. Bresstav. ts. 62. ; 


1%. Hebrew and English Dictionary, Biblical and Rabbinical ; 
containing the Hebrew and Chaldee Roots of the Old Testament Post-Rabbinical 
Writings. By Dr..BRESSLAU. 6s. *,* Or with the GRAMMAR, 75. 7 


46. English and Hebrew Dictionary. By Dr. Bresszav. 35. 
44.46 Mebrew Dictionary (as abeve), in Two Vols, complete, with the 
é *, GRAMMAR, cloth boards, 12s. | 
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zg. Latin Grammar. “Containing the Inflections ‘and Elenien 
Principles of Translation and: Construction. By the Rev. Taos. Goopwin, M.A., 


Head Master of the Greenwich Proprietary School. 15. 
26. Latin-English Dictionary. Compiled from the best Authorities. 

By the Rev.-THos. Goopwin, M.A. 25. : : 

‘ga, English-Latin Dictionary ; togethérwith an Appendix of French 
and Italian Words which have their Origin from the Latin, By the Rev. THOS. 
Goopwin, M.A. 1s. 6d. 

20,22, Latin Dictionary (as above). Complete in One Vol., 35. 62.; 

3 cloth boards, qs-6¢. *,* Or with the GRAMMAR, cloth boards, 5s. 6d. 


i LATIN CLASSICS. With Explanatory Notes in English’ 


x, Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by Henry Youna, lately 
Second Master of the Royal Grammar School, Guildford. © 15. 

2, Ceesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. YOUNG. 25. | 

14, Ciceronis Cato Major, Lelius, Brutus, sive de Senectute, de Ami- 
citid, de Claris Oratoribus Dialogi, With Notes by W. B. Smiru, M.A. 25. 

12, Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 
Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. JAMES 
DAVIES, M.A. Is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. With 
Introduction, Analysis, and Notes Explanatory and Critical, by Rev. T. H. L. 
LEARY, D.C.L., formerly Scholar of Brasenose College, Oxford. rs. 6d. 

[Fust Published. 

3. Cornelius Nepos. With Notes. Intended forthe Use of Schools. 
By H. YOUNG. 15. 

6. Horace: Odes, Epode, and Carmen Seculare. Notes by H. 
Younc. 1s. 6d. 

7, Horace : Satires, Epistles, and Ars Poeticag Notes by W. Brown- 
RIGG SMITH, M.A., F.R.G.S. 15. 6d. : 

ar, Juvenalis Satire. Wh Prolegomena and Notes by T. H. S. 
EscoTtT, B.A., Lecturer-eii Logic at King’s College, London, zs. 

16. Livy: History of Rome.* Notes by H. Younc and W. B. 
SmitH, M.A. Part1. Booksi,, ii., rs. 6d. 

Part 2. Books iii., iv., v., 15. 6d. 

. Part 3. Books xxi., xxii. rs. 6d. 

g. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trinity College, Cambridge. 15, 6d. 
ro, Terentii Adelphi, Hecyra, Phormio. Edited, with Notis;-Stitical 
and Explanatory, by the Rev. JAMES DAVIES, M.A. 25, an 
9. Terentii Andria et Heautontimorumenos. With Notes, Critical 
and Explanatory, by the Rev. J. DAVIES, M.A. 15, 6d. 

rx, Terentii Eunuchus, Comeedia. Edited, with Notes, by the Rev. 
James Davies, M.A. 15. 6d, , 

~ 4, Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 
lics by W. RUSHTON, M.A., and on the Georgics by H. Younc. 15. 6d, 

sy. Virgilii Maronis Aneis. With Notes, Critical and Explanatory, 
Y H. Younc. New Edition, revised and improved. With copious Additional 
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tes by Rev. T. H, L. Leary, D.C.L., formerly Scholar of Brasenose College, 


ford, 35. ; ust Published. 
Part x. Books i.—vi., rs. 6d. ust Publishes. 


*, 
ce — Part 2. Books vii.—xii., 2s. ust Published, 
19, Latin Verse Selections, from Catullus, Tibullus, Propertius, and 
Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. as. 
zo, Latin Prose Selections, from Varro, Columelja, Vitruvius, 
_« Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus, Suetonius, 
; '. Apuleius, &c, Notes by W. B, Donng,'M.A. ay, _ 
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1s,1y. Greék Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By HENRY R. HAMIL- 
TON, Vol, x. Greek: Rogie, as.; Vol, 2, English-Greek, as. Or the Two Vols, in 
One, 45.; cloth boards, §s. 
14,15, Greek Lexicon (as above). Complete, with the Grammar, in 
17. One Vol., cloth boards, 6s. 


GREEK CLASSICS. With Explanatory Notes in English. 


: Greék Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. YounGc. New Edi- 
tion, with an improved and enlarged Supplementary Vocabulary, by JOHN 
HvuTCHISON, M.A., of the High School, Glasgow. 1s. 6d. 


3o. Azschylus: Prometheus Vinctus: The Prometheus Bound. From 


the Text of DinporFr. Edited, with English Notes, Critical and Explanatory, by 
the Rev. JAMES DAVIES, M.A, 15. 


32. Azschylus: Septem Contra Thebes: The Seven against Thebes. 


From the Text of DinporF. Edited, with Englsh Notes, Critical and Explana- 
tory, by the Rev. JAMES DAVIES, M.A. 15. 


qo. Aristophanes: Acharnians. Chiefly from the Text of C. H. 
WEISE. With Notes by C. S. T, Townsffenp, M.A. xs. 64, 


26, Euripides: Alcestis. Chiefly from the Text of Dinporr. With 
Notes, Critical and Explanatory, by JOHN MILNER, B.A. 15. 6d. 


a3. Euripides: Hecuba and Medea. Obsiefly from the Text of Din- 
Dorr. With Notes by W. BrownricG Smith, M.A., F.R.G.S. 15. 62, 


14-17. Herodotus, The History of, chiefly after the Text of Garsrorp. 


With Preliminary Observations and Appendices, and Notes, Critical and Explana- 
tory, by the Rev. T. H. L. LEARY, M.A., D.C.L. 


- Part x. Books¢., ii. (The Clio and Euterpe}, as. 
Part 2. Books 111., iv. (She Thalia and Melpomene), as. 
Part 3. Books v-vii., (The bid abe ih Erato, and Polymnia), as. 
Part 4. Books viii, ix., (The Urania an iope) and Index, 15. 6d. 
s-r2, Hamer, The Works of. According to the Text of BazuMLEIN. 
With Notes, Critical and Explanatory, drawn from the best and latest authorities 
with Preliminary Observations and Appendices, by T. H. L. Leary, M.A., D.C.L 
Tue IttaAD: Part 1, Booksi. to vi., 1s. 6d. Part 3. Books xiii. to xviii., rs. 6d, 
Part a. Books vii. to xii, 15. 6d. eons Books xix. to xxiv., 15. 6d. 
Tue Opysskt¥: Part x. Books {. to vi., 1s. 6¢. Patt 3. Books xiii. to xvili., 15. 64. 
Part 2. Books vii. to xii,, rs. 6d, | Part 4. Books xix. to xxiv., and Hymns, 2s, 
4. @e@eian’s Select Dialogues. The Text carefully revised, with 
Grammatical and Explanatory Notes, by H. Younc. 12s. 6¢. 


13, Plato’s Dialogues: The Apology of Socrates, the Crito, and the 
Pheedo. From the Text of C. F. HERMANN. Edited, with Notes, Critical and 
Explanatory, by the Rev. James DAviEs, M.A. 5, 


ss, Sophocles: Cidipus Tyrannus. Notes by H. Younc. 1s. 


ao, Sophocles: Antigone. From the Text ef Dinporr. Notes, Criti- 
cal and Explanatory, by the Rev. JouN MILNER, B.A. 2s. | 


‘ gx, Thucydides: History of the Peloponnesian War. Notes by H. 
Young. Book. 1s. 

2,3. Senophon’s Anabasis; or, The Retreat of the Ten Thousand, 

Notes and a Geogtaphical Register, by H. Young. » Books i. to til., 1. 
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